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PREFACE. 


The Eoyal Commission appointed in 1857 to inquire into the sanitary 
condition of the army in England, prepared a new edition of the 
“ Queen’s Hospital Regulations,” which was published by authority in 
1859* 

The neyr Regulations entirely altered the position of the Army 
Medical Officer. Previously the Army Surgeon had been entrusted 
officially merdy with the care of the sick, though he had naturally 
Ixjcn frequently consulted on the preservation of health and the preven- 
tion of disease. But the liegulations of 1859 gave him an official 
jwsition in this direction, as he is ordered " to advise commanding 
officers in all matters affecting the health of troops, whether as regards 
garrisons, stations, camps, and barracks, or diet, clothing, drill, duties, 
or exercises ” (p. 7). 

The Commission also recommended, tliat, to enable the Army Surgeon 
to do tills efficiently, an Array Medical School should be established, 
in which the ” specialties of military medicine, surgery, hygiene, and 
sanitary science” might be taught to the young medical officers entering 
the army. 

This work is an attempt to carry out the wishes of- the Commissioners 
as regards sanitary science, by providing a text-book of Hygiene, illus- 
trated by examples drawn from army life, for the gentlemen attending 
the Army Medical School. 

The Official Medical Regulations have been taken as the basis of the 
work. I have endeavoured to see what tlie Regulations demand from 
the medical officers of the army, and w^at are the duties they chiefly 
have to do, and then to explain how the Regulations are to be carried 
out. In writing this work I have had to deal only with one sex, a 

• “ Regulations for the Duties of Inspectors-Oenoral and Deputy-Inepectors-Oeneral, 
and for the Duties of Staff and Regimental Medical Officers, &c.," 1869. This Work is 
also termed, for shortness, “ Medical Regulations." 
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oertain age, and a particular trade, but as the general principles 
hygiene are tolerably fully discussed, I have thought it entitled to be 
called a work on general hygiene. 

The work is divided into two Books ; in the First I have arranged the 
chief subjects of hygiene in what is, for my purpose, the most con- 
venient order, and have illustrated them by examples drawn from army 
life. I liave also included some other topics, such as meteorology and 
statistics, which it is important medical officers should learn. In these 
several chapters, 1 have thought constantly on wdiat would be useful to 
army suigeons, who are often far from all books, or possibility of refer- 
enca So that, in some parts, 1 have endeavoured to make the book 
one of reference, though I have been obliged to compress it to the 
greatest degree. In the Second Book, the service of the soldier is more 
particularly described. 

To enable medical officers to perform the chemical processes re- 
quired in the analyses of water and air, and in the examination of 
food,* the Director-General has recommended, and Lord de* Grey has 
been pleased to sanction, the issue of a small box, containing sufficient 
apparatus and reagents for these processes, and this will be issued to the 
several stations on demand. After much consideration, I have adoj^ted 
the French weights and measures, as being more convenient for volu- 
metric analyses, of which considerable use is made. In chemistry the 
battle of the standards is over, and the simplicity of the French weights 
is such that even those who are not at first acquainted with them will, 
in a veiy short time, find no difficulty in using them. I have made 
the chemical directions as simple as possible, and have thought it best 
to use the old equivalents and notation. 

I have to thank my friend. Dr Maddox, for very kindly drawing for 
me aU but two of the microscopic objects ; his drawings have been ver}^ 
carefully engraved on copper or wood by Mr Bagg. I must express 
my obligations to the Council of the Koyal United Service Institution 
for pennitting me to use the stone witli the lithographs of knapsacks, 
employed in illustration of Dr Maclean s paper, published in the 10th 
volume of the Journal of the Council. 

I have to thank also my friends. Dr Sutherland and Dr Francois 
de Chaumont, for many valuable suggestions. 

* There is a typographical error of importance in the chapter on Food which I take 
this opportunity of correcting. In the table for calculating diets, p 141, the percentage 
of starch is stated as 68*2, it should bo 88*2. As this would make a serious error in 
calculating a rice diet, I would ask those who read the book to correct it at once with 
the pen. A correction has also to be made in respect of the Contagious Diseases Pre- 
vention Act, for which see “ Corrections and Additions.” 
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INTRODUCTION. 


Hvqienk is ihii art of presei-ving health ; that is, of obtaining the most perfect 
iiction of body and mind, during as long a perio<l as is consistent with the 
laws of life. In other words, it aims at imKlering growth more perfect, decay 
loss rapid, life more vigorous, death more remote. 

This art lias been practised from tlie earliest times. Before Hippocrates, 
there were treatises on hygiene, wliich that great mast(*r evidently embodied 
in his incomparable works. It was then based on what we should now call 
empirical niles — viz., simply on ohsorvations of wliat seemed good or bad for 
health. Very early, indeed, the elfecte of diet and of exercise were caiefully 
noticed, and were c(m8idered* the basis of liygiene. Hippocrates, indeed, 
appears to have had a clear conception of the relation between the amount of 
food taken, and of the mechanical force luodueod hy it ; at least, he is ex- 
tremely careful in pointing out that there must be an exact balance between 
food and exercise, and that disease results from exceas either way. 

The effects on liealth of ditfeiHmt kinds of air, of water, and to some extent 
of soils, were also considered at a very early date ; though naturally the 
ignorance of chomistiy prevented tuiy great advance in this direction. 
Hippocrates summed up the existing knowledge of his time on the six 
articles, which in after-days received the absurd name of the “ N on-naturals. '’t 
The six articles whose regulation mm considered indispensably necessarj" to 
the life of man, were — air, aliment, exercise and rest, sleep and wakefulness, 
repletion and evacuation, the passions and affections of the mind. 

With the exception of the attempts of the alchemists, and of the chemical 
physicians, to discover some agent or drug which might increase or strengthen 
the principle of life, J the practice of hygiene remained within the same limits 

♦ Hemlicus, one of the preceptors of HipiKJcrates, was the first to introduce medicinal 
^mnastics for tlio improvement of health and the cure of di8ea.se ; though gymnastics in 
training for war had been used long before. Plutarch says of him» that labouring midcr a decay 
which he knew could not be perfectly cured, he was the'^rst who blended the ^yntnaattc art 
with physic, in such a manner as protracted to old his own life, and the lives of others 
afflict^ with the same disease. He was censured by Plato for keeping alii'e persons with crazy 
constitutions. — Mackenzie on Healthy p. 78 

t This title originate*! in a sentence of Galen, and was introduced into use by the jaigon of 
the Peripatetic scnool. It was employed in all treatises on hygiene for probably nearly 150(^ 
years. 

t It was when chemistry was being nidely studied by the alchemists that an entirely 
different school of hygiene arose. The discovery of chemical agents, and the great effect they 
produce on the body, led to the notion that they could in some way aid the forces of life, anti 
insure a prolonged, if not an eternal youth, and a life of ages, instead of one of years. This be- 
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until physiology (the knowledge of the laws of life) began to be studied* 
Hygiene then began to acquire a scientific basis* Still retaining its empirical 
foundation, drawn from observation, it has now commenced to apply the 
physiologic^ discoveries to the improvement of health, and to test the value 
of its own rules by thift new light. It is now gradually becoming an art 
based on the science of physiology, with whose progress its future is identified. 

But the art of hygiene has at present still another object* If we had a 
perfect knowledge of the laws of life, and could i>racticaUy apply this know- 
ledge in a perfect system of hygienic rules, disease would be impossible. 
But at present disease exists in a thousand forms, and the human race lan- 
guishes, and at times almost j^erishes, under the grievous yoke. Tlie study 
of the causes of disease is strictly a part of physiology,* but it cm only be 
carried out by the practical physician, since an ticcurate identification of the 
diseases is the first necessary step in the investigation of causes. 

The causes being investigated, the art of hygiene then comes in to form 
rules which may prevent the causes or render the frame more fitted to bear 
them ; and as, in the former case, it was the exponent of physiology, in this 
case it becomes the servant of the pathologist. 

Taking the word hygiene in the largest sense, it signifies rules for perfect 
culture of mind and body. It is impossible to (iissociate the two, Tlie body 
is affected by every mental and moral action; the mind is profoundly influ- 
enced by bodily conditions. For a perfect sysWm of hygiene we must com- 
bine the knowledge of the physician, the schoolmaster, and the priest, and 
must train the body, the intellect, and the moral soul in a jHjrfect and 
balanced order. Then, if our knowdedge were exact, and our means of 
application adequate, we should see the hximan being in his perfect bea\ity, 
as Providence perhaps intended him to be ; in the harmonious pro]H)rtions 
and complete balance of all i>arts, in which he came out of his Maker’s 
hands, in whose dirine image, we are told, lie was in the beginning made. 

But is such a system possible ? 

Is there, or will there ever be, such an art, or is the belief that thercj will 
be, one of those dreams which breathe a blind hope into us, a hope bom only 
of our longings, and destined to die of our experience ? And, indeed, when 


lief, the uatnral result of tlie discovery of new jiowers, has not yet entirely died out ; and while 
theie are some who still look to every fresh agent as i>ossilily containing ** the lialsam of life,*' 
there are also still enthusiasts who search the mystic tomes of tlie alchemists or the Eosi> 
crucians, in the faith that, after all, the giiaat secret was really found. It may lie worth while 
to consider the idea which underlaid the dreams of the ahiheraists. Life was looked on as an 
entity or principle, liable to constant waste, and to eventual exi>en<liture. If some agent could 
be found to arrest the waste, to crystallise, as it were, the tissues in their full growth and vigour, 
decay, it was conceived, would be impossible, and youth would be eternal. In other cases, 
it was supposed that the agent would itself contain the principle of life, and therefore would at 
once restore destroyed health, and recall again defiartM youth. We now know this idea to Iw 
wrong in every point. The constant decay the alchemists sought to check is life itselL for life 
itself is incessant change, and what we call decay is only a metamorphosis of fon‘e. To arrest 
the changes in the bo<ly for one single moment would be death, or, snort of death, it wouhl lie 
lessening of the forces wliich are the expression of life. Nor is there any hoj»e that the exten- 
sion of the period of vital force can ever be accomplished except by improving the nutrition of 
the tissues. Here, indeed, it is just ixissible that, in time to come, cirugs will aid Hygiene, 
either by lictter preparing food for the purposes of nutrition, or by removing or preventing 
those chemical changes iu the tissues which wc call decay. But at present, certainly, no rules 
can be laid down for the use of drugs in hygiene, except in that debaUable land which lies 
l>etween hygiene and the practice of medicine, that is, in that uncertain region which wc do not 
like to call disease, and yet which is not health. 

♦ In fact, in the last analysis we see that physiology and pathology are one j normal and 
abnormal life, reaular and irregular growth and decay, must tie studied together, just as we 
see that human pnysiology is imjierfect without the study of all the other forms of life, animid 
and vegetable, which are in the world. Separated for convenience, these various stuttios will 
finally converge. 
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W6 look around ua and consider the condition of the world ; the abundance 
of life, its appalling waste ; the wonderful contrivances of the animal king> 
dom, the appareid; indifference with which they are trampled under foot ; 
the divine gift of mind^ its awful perversions and alienations ; and when, 
especially, we note the condition of the human race, and consider what it 
apparently might be, and what it is ; its marvellous endowments and lofty 
powers ; its terrible sufferings and abasement ; its capacity for happiness, and 
its cup of sorrow ; the heavenly boon of glowing health, and the thousand 
diseases and painful deaths, he must indeed be gifted with sublime endur> 
anoe or undying faith, who can still believe tliat out of this chaos order can 
come, or out of this suffering happiness and health. 

In the scheme of Providence it may not be meant that man shall be 
healthy. Disease of mind and of body may be the cross he has to bear ; or it 
may be the evil against which he is to struggle, and whose shackles he is 
finally to unloose. The last disease will disappear, we may believe, only 
when man is perfect, and as in the presence of the Saviour all disease was 
healed, so, before perfect virtue, sorrow and suffering shall fade away. Whether 
the world is ever to see such a consummation no man can say, but as ages 
roll on, hope does in some measure grow. In the midst of all our weaknesses, 
and all our many errors, we are certainly gaining knowledge, and that know- 
ledge telle us, in no doubtful tenns, that the fate of man is in his own hands. 

It is undoubtedly true that we can, even now, literally choose between 
health or disease ; not, perhaps, always individually, for the sins of our fitthers 
may be visiteii upon us, or the customs of our life and the chains of our civi- 
lisation and social customs may gall us, or even our fellow-men may deny ns 
health, or the knowledge which leads to health. But as a race man holds his 
own destiny, and can choose between gooil and evil ; and as time unrolls the 
scheme of the world, it is not too much to hope that the choice will be for 
good. 

Looking only to the part of hygiene which concerns the physician, a perfect 
system of rules of health would, I conceive, l>e best arranged in an orderly 
series of this kind. 

The rules would commence with the regulation of the mothers health while 
bearing her child, so that the growth of the new being should be as perfect as 
possible. Then, after birth, the rules (differing for each sox at certain times) 
would embrace throe ejKKjhs of growth ^eluding infancy and youth) ; of 
maturity, when for many years the body remains apparently stationary ; of 
decay, when, without actud disease, though, doubtless, in consequence of some 
chemical clianges, molecular feebleness and death commence in some part or 
other, forerunning general decay and death. 

In these several epochs of his life» the human being would have to be 
considered — 

Is^ In relation to the natural conditions which surround him, and which 
are essential for life, such as the air he breathes ; the water he drinks ; his 
food, the source of all bodily and mental acte ; the soil which he moves on, 
and the sim which wanns and lights him, &c, ; in fact, in relation to nature 
at large. 

2d, In his social relations, as subjected from Ixis own acts to a variety of 
influences, os a member of a community with certain customs, trades, condi- 
tions of dwellings, clothing, &e. ; subjected to social and political influences, 
sexual relations, &c. 


Firist expresjily not4Mi by Galen. 
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Sci, In his capacity as an independent being, having within himself soimes 
4)f action, in thoughts, feelings, desires, personal habits, all of wluch anect 
health, and whidb require self-regulation and control 

Even now, incompiiMle as hygiene necessarily is, sudi a work would, if 
followed, almost change the face of the world. But would it be followed? 

In consequence of the immense extent of the subject of hygiene, it has 
often been divided into parts. 

There are certain roles of health which may be admitted by all, but which 
a particular individual may be unable to follow. For example, pure air is a 
necessity for health ; but an individual may have little control over the air 
which surrounds him, and which he must draw into his lungs. He may be 
powerless to prevent otlier persons from contaminating his air, and thereby 
striking at the very foundation of his health and happiness. Here, as in so 
many other cases which demand regulation of the conduct of individuals 
towards each other, the State steps in for the protection of its citizens, 
and enacts rules which shall be binding upon all. Hence arises what is now 
termed “ State Medicine,” a matter of the greatest importance. The fact of 
** State Medicine” being possible, marks an epoch in which some sanity rules 
receive a general consent, and indicates an advancing civilisation. IW has 
been expressed lest State medicine should press too much on the individual, 
and should too much lessen the freedom of personal action. This, however, 
is not likely, as long as the State acts cautiously, and only on well-assured 
scientihc grounds, and as long as an unshackled Press discusses with fireedom 
every step,* 

There are, however, some cases in which the State cannot easily intt 
though the individual may Iw placed under unfavourable hygienic conditivAs 
by the action of others. For example, in many trades, the employed are 
subjected to danger fiom tlie carelessness, or avarice, or ignorance of the 
employers. Eveiy year the State is, however, very properly, more and more 
interfering in this matter, and shielding the workman against the dangers 
which an ignorant or careless master brings on him. 

But in other cases the State can hanily interfere with effect; and the 
growth of sanitary knowledge, and the pressure of public opinion, alone can 

* A watchful care over the health of the ]>eople, and a due regulation of mattem which con- 
cern their health, is certainly one of the J||p8t im^rtant functioufi of Govemment. Tlie fact 
that, in modern times, the subject of hygltie generally, and State Medicine in particular, has 
commenced to attract so much the public attention, is undoubtedly owing to the application of 
statistics to public health. It is imp<^lble for anv nation, or for any C&vemment, to remain 
indifferent when, in figures which admit of no denial, the national amount of health and happi- 
ness, or disease and suffering, is determined. The establishment of the Registrar-Oenertu’s 
office in 1838, and the commencement of the system of accurately recording births and deaths, 
Will hereafter be found to be, as far as the happiness of the people is concerned, one of the 
important events of our time. We owe a nation’s mtitude to the Hegistrar-General for the 
persistence with which he has U8e<l his official position for the public good, and to lus able 
coadijutors, especially to him to whose sagacity the chief fruits of the inquiry are due, to 
William Farr. 

Another action of the Government in our day was scarcely less imjwrtant. It is impossible 
to overrate the value of tlie Govemment Inquh^ into the Health of Towns and of t^ country 
generally, commenced nearly a quarter of a century ago by Edwin Chadwick, Southwo^ SndHi, 
Neil Amott, Sutherland, Guy, Toynbee, and others, and which has, in fact, been coiitiituea 
ever since, and is now vi^rouMj carried on by the official successor of these pioiiem, the medi- 
cal officer to the Privy Council, mt Simon. Consequent on this movement came the impoint- 
ment of medical officers of health to the different towns and parishes. The reports punuahed 
by many of these gentlemen {Dundas Thomson, Buchanan, Lankestei^ Hillier, and others) 
have greatly advanced the subject, and have done much to diffuse a miowle^ie of bygi fw * 
a^ng the people, and at the same time to extend and render pra^ our knowleom of the oon* 
^ health. When the effect of all these tesearchet and measursa develops 

itself, n will ^ seen that even great waw and political earthquakes are really nothing In 
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work a cote, aa, for exioaple, in the case of the dwellings of onr poorer classes. 
Ih many parts of the country the cottages are unfit for human heings ; in 
many of our towns, the cupidity of builders runs up houses of the most miser- 
able structure, for which Uiere are unhappily no lacl#bf applicants ; or masters 
oUige their men to work in rooms, or to follow plans which are most detri- 
mental to health. 

But even in such eases it will, I beUeve, be always found that self-interest 
would really dictate the course which is one of the foremost rules of religion, 
viz., that we should do for our neighbours as for ourselves. Analyse the 
effect of such selfishness and carelessness as 1 have referred to on the nation 
at large, and we shall find that the partial gain to the individual is far 
more tlm counterbalanced by the injury to the State, by the discontent, 
recklessness, and indifference produced in the persons who suffer, and which 
may have a disastrous national result. 

In many cases, againi the employer of labour finds that, by proper sanitary 
cate of his men, he reaps at once an advantage in better and more zealous 
work, in fewer interruptions from ill health, &c., so that his apparent outlay 
is mote than compensated. 

This is shown in the strongest light by the army. The State employs a 
huge number of men, whom it places under its own social and sanitaiy con- 
ditions. It removes from them much of the self-control with regard to 
hygienic rules which other men possess j and is therefore bound by every 
principle of honest and fair contract to see that these men are in no way 
injured by its system. But more than this ; it is as much bound by its 
self-interest It has been proved over and over again that nothing is so 
costly in all ways as disease, and that nothing is so remunerative as the out- 
lay which augments health, and in doing so augments the amount and value 
of the work done. 

It was the moral argument, as well as the financial one, which led Lord 
Herbwt to devote his life to the task of doing justice to the soldier, of in- 
creasing the amount of his health, and moral and mental training, and, in so 
doing, of augmenting not only Ids happiness, but the value of his services to 
the country. And by the side of Lord Herlwrt in this work was one whose 
name will over be dear to the country, and whose life, ever since that memor- 
able winter at Scutari in 1855, has been given up entirely to the attempt to 
improve the condition of the soldier. 

This book has been written to assist ^ carrying out one of Lord Herbert’s 
plans, and in accordance with his wish, and with that of Lord De Grey, his 
friend, coadjutor, and successor. 

It ^ therefore, been sketched on a narrower basis than the longer treatise 
indicated above, which would have to deal with both sexes, all ages, and 
various trades and condirions. 

Although, however, as dealing with Military Hygiene, and drawing its 
examples from the soldier's life, it is a work on Amy Sanitation, it yet in- 
cludes the general principles of hygiene applicable to all men ; principles 
which, though here stated necessuily in the Safest and barest way, are, I am 
persuaded, fraught with toiefit to all men, if they are properly inteiinteted 
and fidthfrilly applied 
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The Contagious Disbasjes PREVENTroN Act (29^A July 1864). 

At page 454, some of the clauses of this Act are given. These clauses were, 
however, taken from the Bill as drawn, and when it wtis believed it would be 
passed as then prepared. Before, however, it received the Royal assent, on 
the 29th July 1864, some very important modifications were made in it The 
clauses 10 to 17, as given at page 454, are altered, and the following proce- 
dure is resulted to. (Clauses 11 to 16 of the Act as passed.) 

Information according to a certain form (contained in the second schedule 
of the Act) is laid before a J ustice of the Peace that a common prostitute has 
venereal disease. A notice in a certain form is then issued to the woman 
either to attend before the Justice, or to go at once with a constable to a certi- 
fied hospital for medical examination. If foiuid diseased, she can then l)e 
detained in the hospital for treiitment, under order from the Justice to whom 
the medical certificate from the hospital is transmitted. Power is given in 
clause 17 to enable the Justice to enforce the order, and to oblige tlie woman 
to conform to the reguLitions of the hospital, and to retain her in it if she 
wishes to leave. 

Clause 18 remains as it was. 

It will be observed then, on comparing this plan with that given at |)age 
454, that the necessity of the woman being in a public place following her 
trade before she can be apprehended is done away with. She can be taken 
from a brothel if necessary. 

Hie effixjt of these alterations has been greatly to simplify and improve the 
Act ; in fact, without them, it would have lieen almost in-operative. Tlie ob- 
jections taken to its mode of procedure, at page 455, are therefore obviated, 
and it is now evidently as efficient as it can l>e made with regard to the 
woman herself. Whether clause 18 could not l>e better defined is, however, a 
question. The Act is to continue in force for three years. It is most earnestly 
to be desired that it should be fiuthfully administered. 


THspoioX of Seicage. 

Since the Chapter on Sewage was printed another report has been presented 
by a Committee of the House of Commons, in which the passing of sewage 
matters into rivers is strongly condemned, and it is stated that it can be ap- 
plied to land with pecuniary profit. It is by no means improbable, there- 
fore, that in the next session (1865), wo shall see some legislative measure 
with regard to streams. It is evident that every town will have to consider 
this matter most seriously, and in some cases embarrassment may be cau^, 
but the result must be eventually beneficial. 
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CHAPTER I. 

WATER. 

ARMY REGULATIONS ON THE SUBJECT OF WATER. 

This subject is referred to in the following places of the Medical Eogulations 
for the Army (1859) : — 

Barracks , — At page 29, the Inspector, or Deputy lnsj>ector-General, is 
required to see that “ the water-supply is good and abundant, that wells are 
properly covered, and that there is no soakage from cesspools or drains into 
them f and also, tliat there ‘‘ are lavatories and baths for the use of the men, 
and that bathing-parades are sufficiently frequent.’’ 

At pages 78, 79, the Surgeon, or Assistant-Surgeon, in charge of a regi- 
ment is ordered ** at least once a week to inspect all lavatories and baths,” and 
also to examine the quality and amount of Sinking-water, and the protection 
of wells, &€., from soakage of latrines, cesspools, &c. 

Camps and Stations . — The same duties are to be carried out in camps and 
stations (p. 81). 

Omeral JJospitals . — ^The “Sanitary Officer” who is appointed in each 
general hospital, or the principal medical officer, if no sanitary officer is 
appointed, is directed, at p. 43, to examine the water-supply. 

Temporary Hospitals . — Before any building is select^ as an hospital, it is 
directed (p* 39) that the water-supply be examined. 

JFieM Service . — ^The “ Sanitary Officer” examines into the water-supply of 
aipbuildings selected, and of all spots chosen for encampments (p. 83), and 
points out “ the best sources of supply of water, and the precautions required 
in storing, purifying, and distributing water for use” (p. 131). 

Transport Ships . — ^The same duties are to be performed by the principal 
medioal officer at the port of embarkation, and by the siugeon in charge dur- 
ing the voyage (p, 86). 

Foreign Statiam. — ^The medical officer in charge of troops makes, monthly, 
a re^rt oh the sanitary oondition, which iiehidea, of course, the quantity and 
qxuMy of the water-supply (p, 98). 

Ammd Bqpcris . — same topics are to be again discussed in the Annual 
Beporis, *^the sources, quality, and quantity of the water-supp^ ; its wbole- 
someness, and tiie means of purification used,” being the points especially 
jefeiTedto(p. 107). 

The oaie with which these regulations are drawn up sufficiently indicates 
the impoitanoe justly attached to this subject. 
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The points, therefore, which the medical officer must include in his reports 
are these: — 

1. The quantity of water per head per diem ; its sufficiency or the reverse* 

2* Its quality, including its physical and its microscopic^ characters, and 
its chemical composition. 

3, Its collection, storage, and distribution. 

4. The condition of tanks, cisterns, pipes, <fec. 

6. In the field the medical officer may be called on to indicate the possible 
sources of water, to estimate the quantity attainable from any source, and to 
determine the quality. 


SECTION r. 

Sub-Section I. — 1. Quantity of Water for Heautht Men^ 

A proper quantity of water must be supplied in a convenient way, and 
arrangements must he made for the removal of dirty water. 

Amount required for drinkinff. — ^Tlie regulations for transport ships order 
that each man shall receive G pints daily tait of, and 8 j)ints in, the tropics, 
for drinking and cooking. In emigrant ships the usual allowance is 8 pints 
per adult daily. 

The exact amount of water taken by an adult in 24 hours is, on .an average, 
from J a fluid ounce to <j®^tha or ^^ths of an ounce for each pound avoir, of 
IxKly weight. A man weighing UOlbs. will thcrefon* take about 70 to 00 fluid 
ounces daily, and in (udinary English diet about 20 to 30 ounct^s of this are 
taken in the so-called solid food, and the remainder is dnink as li([uid of some 
kind. But the amount biken varies within wide limits in dilferent circum- 
stances, and from individiud peculnirities ; some men take only 60 ounces — 
other as much as 120, or even more. The 6 pints given on board sliip are 
therefore enough, if there is no giijat loss from cooking. There is seldom any 
question of deficiency of water for drinking, but it should be seen that it is 
readily procurable at i)n)peT times. 

During great exertion there is so great a loss of water from the skin that 
more must be drunk ; and i t is of great imjmrtance that water should be readily 
procmuble, ami should be taken in small quantiti(js fre<[uently to replace the 
loss. This should be particuhirly attended to on marches. — {See Exe^rdse,) 

Amount required for deanmng ike prson^ dothmy and hatritatiom, — The 
smallest ^lonnt for ])er8onal and clothes washing, and for share of house 
washing, is 4 gfiUons per head daily. If perfect cleanlinc^ is to he secured, 
and il baths are taken, at least 16 gallons per head ore re(|uired. A genysd 
bath for an adult requires from 36 to 70 gallons ; a shower bath, at leaflF6 
gallons ; a hip bath, 1 2 to 1 8 gallons, 

Atmutit reqmred for ^wevK — The fall and make of sewers, and the amount 
of rainfall, influence this. If 1 6 gallons are provided for domestic purposes, 
9 more should be added for sewers, or in other words, a total of 25 ^lons 
per head per diem should pass into sewers in addition to rainfall* In a 
question of sewage drainage for a town or station, tlie amount of avfialable 
water at all times of the year becomes a most important question. The 
amount for a water-closet has not been determined, and varies with different 
^osets. At Netley Hospital, with Jenning^s closets, wliich reemire a good 
deal of water, it is 10 gallons per head daily. 


which Mr Brunei Informed me some years ago he conaidered should 



QUANTITY. 


Anmmt for Public Baths , — these are largely used, a much greater quau- 
tity is necessary than 16 gallons per head, but no exact statement can be 
made. The enormous baths of Ancient Rome required an amount so great 
that at least 300 gallons per head per diem must have been supplied. 

Amount for Trades <md Manufactures , — ^This will of course vary greatly. 
In 1862, in Manchester, the supply for trade purposes alone was about 10 
gallons per head per diem. In Glasgow, in 1852, it was about 7 to 10 gallons. 
In Liverpool, in 1862, about 4 gallons were taken for trades. 

Amount required for Animals , — Sometimes a medical officer may have to 
reckon how much water must be obtained for animals. A horse drinks from 
8 to 12 gallons daily, and ought to have 3 or 4 more for washing ; a cow or 
small ox drinks al>out 6 to 8 gallons ; a sheep or a pig, J to 1 gallon. 

Of late years the total supply of water to towns has been large, and is now 
being greatly increased. 

Per head daily. 

In 1862. 1862. 

Manchester received . 20 gallons. 

Glasgow „ . . 35 „ 50 gallons. 

Edinburgh „ . . 30 „ 

Liveqwol • • 22 „ 30 „ 

In 1857, London received 32 gallons, and in 1862 about 50 gallons, per 
head daily. 

In 1867, the average supply to 14 English towms of second-rate magnitude 
was 24 gallons ; the largest supply was 50 ; the smallest 14 per head daily. * 

New 'i^)rk receives alxmt 300 gallons per htuwi 

Ancient Imperial Rome T<?ceived from 300 to 340 gallons per head daily ; 
a large share of this must have been for the supply of the magniticent baths. 

In drawing up the Rej>ort the medical officer should distinguish between 
the different uses of w'akr. 


2, Quantity of Water for Sick Men. 

For hospitals a much larger quantity must be provided, as there is so much 
more bathing and washing. If baths are largely used, and their use is daily 
increasing, the amount of water must bo practically unlimited. But from 
40 to 50 gallons per head daily is the least that should be used in a good 
hospital, and this, as far as imperfect estimates permit me to state it, is ex- 
pended as follows : — 


#For cooking, including cleansing 
of kitchen. 

For personal washing, batlis, 
&c., . . , , 


2 to 4 gallons per head daily. 
18 to 20 „ „ 


^ Professor Bankiae gives the following table {Ciml Enginetringy 1862, p. 731) 

* QftUona per dsy per heed, 
teftst. Greatest. Avcraire. 


Used for domesldc purposes, 

Washltig sheets, extinguishing fires, supplying 
fountains, 

7 

16 

10 


3 

3 

Allowance for trade and waste, . 

^ 7 

7 

7 

Total in non-manufacturing towns, 

17 


20 

Additional demand In manufacturing towns, . 

10 

10 

10 

Total in manulheturing towns, 

”27 

~l6 

ns 
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For laund^ washing, . . 5 to 6 gallons per head daily. 

For washing and cleansing of ) ^ 

hospitals and utensils, . ] ” ” 

For water-closets, . . 10 „ „ 

40 to 46 

But it would be very desirable to have more precise data as to these quantties. 


Sub-Sbotion II. — Estimation of the Amount op Water Yielded 
BY Different Sources.* 

The medical officer may sometimes be called upon to calculate the amount 
of water derived from the several sources. 

Bam . — ^The amount of water given by rain can be easily calculated, if two 
points ore known — ^viz., the amount of rainfall, and the area of the receiving 
surface. The rainfall can only be determined by a rain-gauge (the mode of 
constructing which is given in the chapter on Practical Meteorology) ; the 
area of the receiving siirfsce must be measured. 

Supposing that it be known that the rainfall amounts to 24 inches per 
annum, and the area of the receiving surface (say the roof of a house) is 500 
square feet ; 

Multiply the area by 144 (number of square inches in 1 square foot), to 
bring it into square inches, and multiply this by the rainfall. The product 
gives the number of cubic inches of rain which fall on the house-top in a year, 
or in any time the rainfall of which is known. Tliis number, if divided by 
277*274, or multiplied by ‘003607, will give the number of gallons which 
the roof of the house will receive in a year (viz., in this case 6232 gallons) ; 
or if it is wished to express it in cubic feet, the number of cubic Inches must 
be divided by 1728 (number of cubic inches in a cubic foot), or multiplied 
by -00058. 

To calculate the receiving surface of the roof of a house, it is not necessary 
to take into account the slojie of the roof. All that is required, is to ascertain 
the area of the flat space actually covered by the roof. The joint areas of the 
ground-floor rooms will be something less than the area of the roof, which 
also covers the thickness of the walls and the eaves. 

In most English towns the amount of roof space for each person cannot be 
estimated higher than 60 square feet ; and in some poor districts, is much 


# 


The following are some useful measiuws and weights of water (at 60** Fahr.) 

1 cubic foot of pure water, . as 1728 cubic inches. 

i» „ as 6'2855 gallons (say 6 ’28). 

»* „ . . . weighs 62'44 Iba. avoir. ; and this is the 

pressure of a cubit foot of water 
on each square foot. 

1 gallon, „ • ; 277*274 cubic inches, or 01604 

cubic feet. 

M • weighs 70,000mius.orl0Ibs.at60®Falir. 

1 uttpedal pint, 84*659^ cubic inches (aay 84*66). 

. . Ff ,, . . weighs 8750 grains. 

1 imperial oimo^ 1 *788 cubic inches. 


I cutic inci, 
100 cubic inchesi, 
1 French litre, 
" 

1 lb. avoir., 


=ss 487*6 grains, 

weighs 262‘4w grains, 

weigh 67*7 ounces (avoir.) 

0'2200767 gi^. 
ss 61*027 oubie inches. 

» 4’64S4 litres (say 4*64). 

ss 86*84 cubic ri., or 224 gaflons. 

» *0<K)46 m tons. 
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less. lakiDg the rainfall in all England at 30 inches^ and assuming that all 
is saved, and tixat there is no loss ftoxn evaporation, the receiving surface for 
each person would give 940 gallons, or not quite 5 g^ons a*day. But as few 
town houses have any reservoirs, this quantity runs in great part to waste in 
urban districts. In the country it is an important source of supply, being 
stored in oistems or Water-butts, If, inst^ of the roof of a house, the 
receiving surface be a piece of land, the amount may be calculated in the 
same way,* It must he understood, however, that this is the total amount 
reaching the ground ; aU of this will not be available ; some will sink into 
the ground, and some will evaporate ; the quantity lost in this way will vary 
with the soil and the season from one-half to seven-eighths. To fac^tate these 
calculations, tables have been constructed by engineers, and the following por- 
tion of a table from Beardmoret will give the amount per acre. 


Discharges dm to Bainfall — {if the annual rainfall he equally distributed 

over the year). 


Rain per 
Annum. 

Cubic Feet per Minute. 

1 Cubic Feet per Diem 

Oallons per Diem. 

Inches. 

On 1 Square 
Acre. 

On 1 Square 
Mile. 

On 1 Square 
Acre. 

Onl Square 
Mile. 

On 1 Acre. 

On 1 Square 
MUe. 

mm 


4*41 

9*93 

6,355 

61*9 




8*83 

19-87 

1 ,720 

123-8 

79,245 

mM 


17-66 

39-75 


257-6 

158,491 




59*62 


371-4 

237,736 

8 


35*33 



495-2 


10 

QI01I 

44-16 

99-37 


1.396,228 


All other quantities in the same proportion. 

lliirty inches of rain annually give 677,500 gallons per acre. One inch of 
rain delivers 4*676 gallons on eveiy square yard, or 22,633 gallons on each 
square acre. In estimating the annual yield of water from rainfall, and the 
yield at any one time, we ought to know 
The greatest annual rainfall, 

The least. 

The average, 

The i)eriod of the year when it falls, and 
The length of the rainless season. 

It must also be remembered that the amount of rainfall differs very greatly 
even in places near together. 

Springs^ Rivers. — It will often Iw a matter of great importance to de- 
tennine the yield of springs and small rivers, as a body of men may have to 
be placed for a longer and shorter time in a particular spot, and no engineering 
opinion, perhaps, can be obtained. 

A spring is measured most easily, by rocei^Aug the water into a vessel oi 
known capacity, and timing the rate of &ling. The spring should be opened 
up if neces^ry, and the vessel should be of large size. The vessel may be 
measured either by filling it first by means of a known (pint or gallon) 
measure, or by gauging it. If it be round or square, its ca|mcity can be at 
once known by meastuing it, and using the rules laid down in the chapter 


* 9 (K|nare feet a ) equare yaitl. f Manual of Hydmlcgyj p. 61. 

4640 0<ittare yard* wr 1 w<jttj»re acre. 

640 ei|uare acre* 1 effuare mile. 
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for measuiiBg the cubic amount of air in rooms. The capacity of the vessel 
in cubic feet may be brought into gallons if desirable, by multiplying by 
6*23. If a tub or cask only be procurable, and if there is no pint or g^on 
measure at hand, the following rules may be useful : — 

1. The Excise •tmfhcd of gauging a round guiledm, — ^Toke cross diameters 
of the tun in the middle of every io inches, from thtf1x)ttom upwards ; i.e., 
measure the first diameters at 5 inches from the l)ottom, the second at 16, 
the third at 25, &c. Take half the sum of each two for mean diameters. 
Divide the square of the first mean diameter by 353*04, and multiply by 10 ; 
the product is the contents of the lowest 10 inches. Find the contents of 
each successive 10 inches in the same way, and add the whole together. The 
result will give the contents in imperial gallons. 

2. Mule (qgdimble to the majority of emkb\ — ^Take the bung diameter, tlie 
head diameter, and the length of the cask. Square the bung diameter, and 
multiply by 39. Square the head tiiameter, and multiply by 25. Add the 
products togetlier, and multiply by 26. Multiply result by the length (jf the 
cask. Either multiplying tliis last number by *000031473, or dividing by 
31773*244, will give the contents in imperial gallons.* 

Where it is requiivd to ascerttvin the yield of any small water-course with 
some nicety, it is the practice of engineers to <laiii up the whole stream, and 
convey the water by some artificial chatmel of known dimensions. 

1. A wooden trough of a certain length, in which the depth of water and the 
time which a float takes to ])as8 from one end to the other is measurcid. 

2. A sluice of known size, in which the dificreuce of level of the water 
above and below the sluice is measured.t 

3. A weir formed by a plank set on edge, over which the water flows in a tliin 
sheet, and the difference of levei is mea8ure<l between the top of the plank and 
the surface of the still water alwve. Then by means of a table the amount 
of water delivered j)er minute is read off. The weir must be fonned of very 
thin board and he perfectly level; a pluralvline has generally to be usod.J; 

The same object may, however, l>e attained with sufficient accuracy for the 
purposes of the medical officer by selecting a portion of the 8ti*oam whore the 
channel is pretty uniform for a length of, say not less than 12 or 15 yards, 
and in the course of w'hich there are no eddies. Take the breadth and the 


* Neftbit'a Practical MeiiBuration, 1859 (p. 809). 

t JOischarge oftmter through a Multiply breadth of opening by the height ; thin 

gives the area of the sluice. 

Discharge = area, Multiplied hg Jive times the square root of head of water in feet. --The head 
of water is the diiference of level of the water above ami below the dam, if the sluice l>e entirely 
under the lower level ; or the height of the upper level above the centre of the opening of the 
iHutce be above the lower level. 

J Discharge of water over a tceir 1 foot in length.— It the weir is more or less than a foot, 
multiply the ouantity in the table opposite the given depth hy the length of the weir in feet, or 
decimals of a foot. 


Depth taHing Dltcbarfre per Depth falling Discharge per 

ever, iiichea minute. over, inches. minute. 


J • 


f 


1 70 cubic feet. j 

?»• • 

19*70 cubic feet 

4*82 ’ 


8*84 


33*22 

13*63 


40*71 

49*84 


105*22 

66*86 


116*72 

66*45 

8} 

127*37 

75*19 

9 

138*88 

84*56 


150*22 

161*78 


Thus, if the weir measure 1 foot, and the depth of water falling over be 2 inches, the delivery 

gaUottS per minute. If it be 4| feet, the number 
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average dept^ in three or four places, to obtain the sectional area. Then, 
dropping in a chip of wood, or other light object, notice how long it takes to 
float a certain distance over the portion of channel chosen. Prom this can be 
got the surface velocity per second, which is greater, of course, than the bottom 
or the mean velocity. Take four-fifths of the surface velocity (being nearly 
the proportion of medi to surface velocity), and multiply by the sectional 
area. The result will be the yield of the stream per second 

It may sometimes be worth while, if labour be at hand, to remove some of 
the irregularities of the cliannel, or even to dig a new one across the neck of 
a bend in the course of the stream. 

The yield of a spring or small river should be determined several times, 
and at different periods of the day. 

WelU . — ^The yield of wells can only be known by pumping out the water 
as far as can l>e done, and noticing the length of time required for refilling. 
In cases of copious flow of water, a steam-engine is necessary to make any 
impression ; but, in other cases, pumping by hand or horse labour may be 
sufficient perceptibly to deprt^ss the water, and then, if the quantity taken out 
be measured, and the time taken for refilling the weU be noted, an approxi- 
mate estimate can be formed of the }ield. 

Sub-Section III. — Permanence of Supply. 

It is obvious that the permanence of th(^ suj)ply of a 8i)riiig or small stream 
may often be of the greatest moment in the case of an encampment, or in the 
establishment of a permanent station. 

In the first place, evidence should, vrhen available, be obtained. If no evi- 
deiKJO can bo got, and if the amount and period of rain he not known, it is 
almost impossible to arrive at any «ife conclusion. Tlie country which forms 
the gathering-ground for the springs or rivers should bo considered. If there 
be an extensive background of lulls, the springs towanls the foot of the hills will 
prolmbly be permanent. In a flat country the permanency is doubtful, unless 
there Iw some evidence from the temperature of the spring that the water 
comes from some depth. In limestone regions, springs are often fed from 
subterranean reservoirs, caused by the gracliiol solution of the rocks by the 
water charged with carWiic acid ; and such springs are very x>ermanent In 
the chalk districts there are few springs or streams, on account of the porosity 
of the soil, unless at the ]K)mt the lc?vel be considerably l>elow that of the 
countiy generally. The some may be said of the simdstiine formations, both 
old and new ; but deep wells in the siindstone often yield largely, as the per- 
meable rocks form a vast reservoir. In the granitic and trap districts, small 
streams are liable to grciat variations, unless fed from lakes ; springs are more 
|)ermanent when they exist, being perhaps fed from large collectioiis or lochs. 


.SECTION 11, 

Sub-Section I. — 1. Quality an0 Comkisition. 

The medical officer should next state the source of the supply, viz., rain, 
snow, ice, springs, wells (shallow, d(>ep, artesian), river ; distillation. A few 
words on the composition of water from these sources may be useful. 

1. RAIN. 

In jiassing through the atmosphere, the rain Imcomes highly aerated (from 
3 to 80 cuWc cents per litre), the oxygen is found in liui^r proporfcimis 
than in atmospheric air, reaching from 32 per cent to 38 of the total amount 



8 




of Caartiomc ao!^ constitates about 2^ to 8 ooui of tho total amKMmt 
of ga& In addition^ rain water dissolves or carries down many subislai^ 
met with in the air, and may contain small quantities of any or aU of i^e 
following substances : — 


Carbonate of ammonia. 

Nitric acid, especially in summer (Bineau} ; and^ 

Nitrate of ammonia in stormy weather (Schonbein). 

( when passing through the air of coal-^bumi^ 
Sulphurous acid, cities. The rain water is then distinctly add. 
Sulphuric acid, Also through the air of certain manufacturing places, 

{ as Swansea (copper works). 

PK ni •A* ( moist sea air and in the neighbourhood of 


Phosphoric acid,^ 
Hydrochloric acid, 


certain manufectories, especially carbonate of soda 
I wnrlrfl 


Sulphuretted hydrogen, free or combined (Marchand). 

Chloride of sodium, which may even amount to as much as 0*02 grammes 
per litre, or 1*4 grains per gallon, t but is generally in much smaller 
quantity. 

Chloride of potassium and calcium in traces. 

Carbonate of lime which may amount to 0*007 grammes per litre, or 0*49 
grains per gallon. 

Sulphate of lime which may reach 0*005 grammes per litre, or 0*35 
grains per gallon, or even more. 

Iron, .alumina, silica, phosphate of lime, carbon, pollen of flowers, &c., 
carried down mechanically. 


A trace of nitrogenous organic matter is very common, and has amounted 
to as much as 0*008 grammes per litre, or 0*56 gituns |)er gallon (Bertels) ; 
but in this case it cannot but be suspected that the receiving surface or pipes 
must have been the source. In Manchester, Angus Smith found 0*34 grains 
in 100,000 grains of rain. Nitrate of diver receives a rod tint from the 
oiganic matter, and a precipitate falls which contains silver (Robinet). 

The total amount of solids (the mean of the analyses of five observers 
being taken), § contained in rain water ia 0*032 grammes per litre, or 2*24 
grains per gallon. The largest amount recorded is 0*0509 grammes per litre, 
or 3*5 grains per gallon. 

Iodine and Bromine do not appear to be constituents, as stated by Chatin, 
or are very uncommon. (Luca.) 

Occasionally rain water contains microscopic plants of the lowest order, sucli 
as the Protococcus pluvialis^^ a protophyte which, like most of its order, 
decomposes carbonic acid, and liberates oxygen. 

Bain collected in the country is purer t^n that collected in towns ; it con* 
tains much less ammonia and much less sulphurous acid. In Paris, Boussin* 
gault found per litre 0*003 grammes of ammonia, and Bineau in Lyotm found 
B0 less than 0*03 grammes per litre, or 2*1 grains per gallon. 

Bain also often becomes very impure from taking up substances from the 
leedting surface on which it fells, and it also often carries down portions of 
leavsi, into the pipes and reservoirs, which slowly dissolve in it. 

Dtsadvafdctges am ^mnta^es of Bain as a Scmrcs of Supply . — The i 


« Baml, Kews/' 1860. p. 310. 

I Molesdiott, Phys. d«r Kaiintng«mittel, 2d edition, p. 208. 

I Bmndes, Berteh, Barml, Hurchand, and Fflhol. Quoted by Moleuchott, Phy«. deji 
NiUiniiigtmittel, 2d edition, p. 208. 

8 Carpenter on the Kicrcmcope, 8d edition, p. 25$. 
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imkty of the Yam&U firom year to year, the laigth of ury season in many 
eoontnes^ and ^ laxge sise of the lesenroirs irhioh are then required, are duh 
advantogea On the other hand, its purity and its great aeration make it 
both heathy and pleasant. The great^t benefits have resulted in many eases 
(espedjsdly In some of the West Indian islands) from the use of rain instead 
m spring or well wiler, which are often largely impregnated with earthy 
salts, b all places where the spring or well water is thus bad, as in the 
neutral ground at Oibraltar, rain water should be substituted. So also it has 
been suggested that in outbreaks of cholera anywhere, the rain water is less 
likely to become contaminated with sewage matters than wells or springs, 
into which organic matters often find their way in an unaccountable manner. 

2. ICE AND SNOW WATER. 

In freezing water becomes much purer, losing a large portion, sometimes 
the whole, of its saline contents. Even carbonate and sulphate of lime arc 
thus got rid of. The air is at the same time expelled. Ice water is thus 
tolerably pure, but heavy and non-aerated. Snow water contains the salts of 
rain water with the exception of rather less ammonia. Chatin (whose ex- 
periments ore doubtful) found only one-tenth the quantity of iodine. The 
amount of carbonic acid and air is very small. 

There has long been an opinion that snow wator is unwholesome, but this 
is based on no reliable observations. In Northern Europe, however, the poorer 
classes have the habit of taking the snow lying about their dwellings, and as 
this is often highly impure wiUi substances thrown out from the house, this 
water may be unwholesome. It has been coiyectured that the spread of 
cholera in the Eussian winter in 1832, was owing to the use of such snow 
water contaminated by excretions. 


3. DEW 

Has occasionally l3een a source of supply to travellers in sterile regions 
in South Africa and Australia, or on bo^ sliip. It is best collected by ex- 
|) 08 ing large surfaces of w^ool, and wringing out frequently. Life may bo 
thus supiKirted. 


4. SPRING, WELL, AND lUVEK WATEIi. 

The rain falling on the ground partly evaporates, partly nins off, and partly 
sinks iiL Tlie relative amounts vary with configuration and density of the 
ground, and with the circumstances impeding or favouring evaporation, such 
as temperature, movement of air, &c. In the magnesian limestone districts, 
about 20 per cent penetrates ; in the new reii sandstone (Triassic), 25 per 
cent ; in the chalk, 42 ; in the loose tertiary sand, 90 to 96. 

Penetrating into the groimd, the water absorbs a large proportion of cm*- 
bonic acid from the air in the interstices of the soil, which is much richef 
(260 t||||s) in COL than the air above. It then p^ses more or less deeply 
into ana dissolves everything it meets with which can be taken up 

in the time, at the temperature and by the aid of carbonic acid. In some 
sandy soils there is a deficiency of CO„ and then the w^ater is also wanting in 
this gas, and the water is not fresh aha sparkling. 

These ms given & detail by G. BiBcbelf, Chemical and Physical Geology ^ (Caveadish 
edlt»K Iwl, Vol 1. m 2, e# j and in “ Watt’s Dictionary of Chemistry ; Article, 
by DrTanl. 
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chemical and decompositions which occur in the soil by the 

action of carbonic acid, and which are probably influenced by diflusion, and 
pmJmpB pressure, as well as by temperature, are extremely curious,* but 
cannot be entered upon here. The most common and simple are the solution 
of carbonate of lime, and the decomposition of silicate of lime and soda by 
carbonic acid, or alkaline carbonates. Salts of ammonia also, when they exist, 
appe^ from Dietrich's observations to have a considerable dissolving effect on 
the silicates. 

The general result of solution and decomposition is that the water of springs 
and rivers often contains a great number of constituents — some in very smiUl, 
others in great amount. Some waters are so highly charged as to be teim^ mine- 
ral waters, and to be unfit for drinking, except as medicines. Tlie impurities of 
water are not so much influenced by the depth of the spring as by the strata it 
passes through. The water of a surface spring, or of the deepest artesian well, 
may be pure or impure. .The temperature of the water also varies, and is chiefly 
regulated by the depth. The temperature of shallow springs alters with the 
season; that of deeper springs is often that of the yearly mean. In very 
deep springs, as in some artesian wells, the temperature of the water is higln 

The chief constituents of water, which are important in a hygienic point 
of view, are as follows : — 


Sii»pended Matter», 

They may be mineral, vegetable, or animal, and may consist of extremely 
finely divided silica, clay, chalk, chalky marl, or ferruginous soil, or of the 
debris of organic matter, vegetable or animal Carbonate of magnesia is also 
sometimes present There may be also growing plants of various kinds. 

The clay and chalky marl is sometimes so flnely levigated that it will not 
subside, and even passage through a sand or charcoal filter will not clear it 
The addition of alum (6 grains to the gallon), and allowing the water to stand 
for twelve hours will often remove this condition. Chalk and sandy suspendcfl 
matters deposit more easily, and are easily separated by filtration. Suspended 
vegetable matter subsides slowly, but is readily got rid of by filtrtition. 
Animal matter, especially when derived from sewage, is in a state of fine su.s- 
pension, often tmges the water dark, has odour, and can be rea<lily Rei>nrated 
by filtration. 

Hie following table from Gustav Bischoff shows the amount of susperMbnl 
matters in the water of some of the great rivers : — 


SUBSTANCES SUSPENDED IN KIVER WATER. 


Amount suspended differs at different times. 

Ehine, .... 
Danube, 

Elbe, . 

Mississippi (annual mean), 

Ganges — Prom March to June, . 

„ „ June to Octolier, 

♦♦ „ October to March, 

Mean, . 


Ill 100,000 partH. 


1-73 to 20. 

9-237 

0-891 

80-32 to 58-82 
21-71 
194-30 
44-86 
86-86 


# 


(Total annual dischaige of the Ganges, 6,368,077,440 
cubic feet of mineral matter. This giv<» 1 72 squaw- 
mUea 1 foot thick.) 
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COMPOSITION OP SCSPBNOBD MAT 
Per cent, of Suspended Solids. 



Bhine. 

Danube, 

Silica, . 

. 57*63 

46-02 

Alumina, 

. 10*75 

7-83 

Peroxide iron, . 

. 14*42 

9-16 

„ mang., 

. trace 


Lime, . 

. 2*73 

0-34 

Magnesia, 

. 0*24 

0-42 

Potash, 

. 0*89 


CaO CO„ 


24-08 

MgO CO„ . 


6-32 

FoO CO„ 



Organic matter, 


2-25 

Loss by ignition, 

*. 9*64 

4-58 

Tx)S8, . 

3*31 

1-66 

Dimdred Cvmtitumh. 



1, Gasertm. — Ahnos}theru^ air and carhmir aca! are contained in most 
M^aters. Tlie “ brisk and pleasant tastcj of spring water, especially from the 
chalk districts, is owing to the latter. The total amount of 0 and N may be 
as high as 7 or 8 cubic inches per gallon. Tlie relative amounts of the fvro 
gases vary greatly. The O may be as 1 to 2, or in much less amount. 
The amount of free CO, is often fi-om 2 to 17 or 18 cubic inches per 
gallon^ aitd on standing in a long glaas, bubbles of gas appear on the 
sides. Kiver water usually contains much loss, and many springs, especially 
if <lerived from a granitic district, contain very little. Tlie carbonic acid may 
be derived from the carlionic acid of the air or soil, or may be produced in 
water by gradual oxidation of organic matter.* In such a case the 0 lessens 
in a corresponding degree. 

Water coiibiiiung much (^O, is alw'ays pleasant and piquant ; w^hether the 
gas has any other beneticijil eflect is doubtful. The air in viator also contri- 
butes to tlie agreeableness of the biste, aiul airless water (like distilled water) 
is disagreeable to some people, and apfwjars to be absorbed with greater difficulty. 

Hydnh-milphuric aeidj when found in drinking water, has usually result^ 
from the decomposition of sulphates of soda or lime by contact with organic 
matter, such as vegetable debris, or even particles of cork. 

CcbrfmretUd hyd^ragen appears to arise from slow decomposition of vegetable 
matter under restricUMi acctjss of air. Some wat^3rs purify themselves on 
standing by giving out these gjises, and after becoming very olfensive, again 
become sweet, like the lliames water when carried on voyages. 

2. Organic Matters. — Those ai*e vegetable or animal. Almost all water 
(contains some organic matter derived :^in the soil llie pui’est water from 
granitic or clay-slate districts contains from 0*3 to 0*7 grains per gAllon ; the 
purest chalk water contains from 0*3 to Tajjd 1*5 grains per gallon. The 
sandstonj waters usually contain more. It the water has permeated rich 
vegetable soil, it will contain a very laige amount of organic matter, as much 
as 12 to 30 grains per gallon, and the water is then o^n of a yeUowi^ or 
brownish tint. Water trirm peat often contains a large amount, and the tint 
is here also brownish. 

In water from marshes the organic matter varies from 10 or 12 grains to 
50 or 100 per gallon, or possibly in some cases more. Suspended organic 


MUler's KleuienU of Clmmistiy, imrt ii. p. 63. 1300. 
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matter ia also comnxoft This organic matter is said to he nitrogenous, and is 
sometimes called ‘‘ vegetable albimien.” And indeed it seems probahlt^ that 
a nitrogenous vegetable matter is not uncommon in waters. 

In most of those cases the organic matter is of vegetable origin, and con- 
sists of humin and ulmin, and of acids derived from humus, such as the crenic 
acid (CLHjjjOjg 4- 3HO), wdiich on exposure becomes aprocrenic acid 
0 j^ 4 - 4 H 0 ), ulmic acid humic acid and geic acid 

(C^,jOj 4 ). All these acids are non-niti'ogenous (Mulder), hut combine 
eagerly with ammonia. 

In waters which enter into the list of miiieml waters, other substances are 
found — ^the so-called Glaiiiuo or the Zoogene, which an* nitrogenous subshinces/ 

Organic matter of animal origin, and containing nitrogen, sometimes passes 
into water, and is then usually derived from the habitations or works of men, 
or fi-om decomposing animals living in or accidentally passing iiito watt^N 
The contents of cesspools or sewers diuin into sjuings, or are coiulutd-ed into 
rivers, or the water permeates through .soil impregnated more or 1 (‘sh with 
these things. The exact composition of the organb' matti^r 1ms not been de- 
termined ; urea would necessarily soon pass into carbonate of ammonia, and 
the otlicr organic matters of tin? urine are not very stabl(^ Nitrogenous, 
fa?cal, and biliary iiiatters are probably less easily deeoiiifvostuU and these 
possibly give a large amount of the animal organic matter. But in addition, 
<legomposcd flesh ainl oilier animal matters from butchers' shops and slaughter- 
houses, and from dust-heaps and lay-stalls ; su}»stances from trip(‘-b(mse.s and 
gut-spiimers ; from size, horn, and isinglass manufactories, and Ibjiii similar 
trades, often pass into wx*ll and sjiring w'ater. 

Almost all tliese substances in decompo.'^ing product* both nitrous and nitric 
acid and ammonia, and such w'aters an*- often rich in nitnt(*s and nitratt‘s. 

Mowst of these animal .substances givt? no taste or smt‘11 to tlu* wah'r unlc.ss 
ammonia is found in great quant itie.s, wliieh is st'hlom llu* cast;, or sul])hnrt‘lletl 
hydrogen. A w\ater may contain as much as twenty, or even thiity, grains 
per gallon, and be considered good })y tlio.se who drink it. In those wlio ar* 
unaccustomed to it, tir in all, ajiparmtly, unthu’ eeilain (conditions of deeoiu 
position, such as high teiuperatur;, xvater of this kind produci'.s dianho al, 
and even choleiuic symptoms, and thtcre is some evidence to slmw^ iluit it prt* 
disposes to true cholera, as will be jireseiitly m4cd. iVssilily the. organic 
matter may, under certain conditions, commence to und(*rgo ft>nuentativc. 
changes, and then hecoiues suthhudy poisoiuui.^ ; hut it seems likely tlmt iht* 
perfectly dissolved animal organic matter i.s not quite so injurious as that 
which is merely susptJiided. 

In addition to tliest* ill-defined suhstanees, eertaiu fatty acids havt^ hecn 
detected in drinking water — viz., butyric, formic, propionic, eaprtit?, ami aetiic.t 

In a case recorded by Kraut, the winter came from a marsh, and volatih* 
fatty acids were fonm‘d on standing. 

Scliew'CiizerJ dtiected Imtyric acid in tlie water of a wail, which was in 
fed by th(? water of a trench many hundred distant, which was full of 
animal and vegetable d(!i»ris. Iliis water could not lie ust*d by imui or ani 
mals, and contained no less than 1-5 gramim‘s per litrt* or 105 grain.s p(*r 
gallon of butyrate of lime. 


^ Zwigeiio i« a Hort of gelatinouf; stjUstanoc* whir’h Jum Ikimj aotn'fd ir» the imncnd wiitcTH of 
Baden, tsdiia, and tMoinhieres. (tlairin^ f»r Imre^inc is a bomewhat similar .suhsUnoc found in 
the sulpliurons waters of the Pyrenees, The “ sulfuruire,” a ronftTvoid i^oowlh, is also found 
in this water, and has Item confonnde<i with the plairine, 
t 8chew‘r and Kraut, Annalmd, ('hem. urid lUiavnu. Rand p, 2r>7 ; ami Band 

103, p. 29. 

t Oe.sterlen's Zeitsrlnift fur p. IdO, 
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It seems probable tliat this kind of contamination is inortj ruimnon than is 
snppoH(i<l ; and as the fatty acids are sonnitimes veiy irritatuig, even in small 
amount, their rapid formatiiui may also occasionally lead to thos(? symptoms 
of bilious vomiting and diarrhaia which water containing organic matter seems 
Komotimes suddenly to produce, altlumgh it may have been used for some 
time before with impunity. But notliing certain is known on tliis point. 

Animal organic matter is also derived from giaveyards ; the exact nature of 
the substance is here also unknown. It may be partly nitrogenous (since 
nitrous and nitric acid and anunonia are readily formed) and partly bitty. The 
injurious elfect of water thus impregnated in causing diarrlujca and dysentery 
seeni.s pretty well established. The (hitection of, and purification from, organic 
matter are afterwards given. The amount of organic matter in dilferent kinds 
f»f water can be seen from the following table, containing a few analyses made 
by dillerent observers; many of tlnmi are by l)r Duridas Thomson and Dr 
Letheby, and are merely cited to sliow tlie usual range of organic imjmrity: — 



I 

^ ( 

Amount of Organic 

W.utfT, -PlatT supplied to. 

Whence derivtith and formation. i 

matters in grains 

i 

per gallon. 

(Jlasgtnv, 

Loch Katrine — Primitive, 

0-82 

(’hathaiu, 

Chalk, .... 

1 Mill .stone grit, brought | i 

I 24 miles long > ' 

(to Liverpool, . ) 

0*5 

Liverpool, 

1.21 

j Millstone grit, rt*d sand- ) i 
st.one, and suiiacfMirain- * 

Munche.ster, . 

1 -253 


(nj-v, ... 1 ; 


\Vatf(»r(l, 

Chalk ; 

P2G 

Farnhain, 

Tertiary* sands, . . i 

P78 

Aberdeen, 

Primitive rocks, . . , 

1*82 

New Ifiver, . 

( balk, chietiy, , . i 

1*0 to 2-7 

Tliames — at Thannts 1 >ittou. 

Chalk and clay districts, ! 

2*29 

„ — at liuiidun Bridge 

t 

i 


(in 18G1), 

(in 1803), 

1 

3‘7 

Some shallow London Weils 

j 


(Lethebyin 1801)-- 
Bisho]>.sgate Street, , 

1 

( Surface, gravel, A*c., [ ! 

\ lying over London clay, ) j 

0-4 

AldgJite, . 

,, 

7-1 

Bride Lane, 


8* 

Little Britain Street, 

I 

8-2 

Honey Lane ^Market, 

»« 

2*1 

Guildhall Buildings, 

" ^ " i 

2* 

Glover's Lane Court, 

»» j 

1*5 

Chatham well-water (1801), 

j Chalk, but impregnatiHl ) 

( with exen'ta, . / 

5' 

JO »> 


9-2 

Brighton well - water,* ) 

• 

17‘52 

Northern well (1802), j 


Southern well, , 

jt " 

1 8‘32 

Norwich w^ell-water, 

Near a churchyard, 

1 10-37t 


* I )un<l<i8 Thomson. ** lAnrpi.” Oct. 11. 1SU2. 
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3, Mineral Suhstames . — ^An immense number of mineral suhstancas are 
found in water. Omitting, however, all the nirer substances, which are found 
in extremely small quantity, and putting on oik* side the waters in which 
saline matter's are in so great abundance as to constitute mineral waters, we. 
find the most common constituents of drinking watt'r to be lime, magnesia, 
soda, potassa, ammonia, iron, chlorine, sul])huric acid, carbonic acid, phos* 
phoric acid, nitric acid, silicic acid. 

More infrequently, or in special circumstances, alumina, manganese, arsiuiic, 
and nitrous acid are found. 

The mode of combination of these siihsbmces is yet uncertain ; it may be 
that the acids and bases am e(iually distribute.d among ciudi otln^r, or some 
other mo<les of comhination may be in play. The mode of combination is 
nsmiHy assumed to be as follows.* The cliemist dt^t(*ruiines the anuuiut of eacli 
sepaTiito suhstanee, and then cal(-’iilat<*s the conibimition as Ibllows, The chlorine 
is combined sodium ; if then* is an excei^s, it is combined with potassium 
or calcium ; if there is an* excess of soda, it is combined with sul])lmi'ic acud, 
or, if still in excess, with carbonic acid. Lime is combined witi) excess f>l' 
chlorine or sul])huric acid, or if there be no siil]>luiric a(*id or an (^xct‘ss of 
lime, with carbonic acud. ^lagnesia is combined with carbonic acid. So that 
the most usiuil comlnnations are chlorides of sodium, sulphate of siwla, car- 
bonate of soda, carbonates of lime (held in solution by carbonic, jicid), sulphati* 
of lime, chloride mid silicate of calcium, ami (‘urbonatc* of imignesiii. But 
the results of the mialysivS may render other comlanatious ii(‘C(*ssary. 

Sub-Section II. — Summary of Drinking Waters. 

Ah the composition is so various, it is impossible to give any good classifi- 
cation of drinking waters; the divisions of mineral waters usually employed 
are of little use for our ]>nr]M)s<*. It may be di'siralde, howeV(T, to give a 
general summary of the charaettu's of some of the most typical kimls. 


1. Hie Granifiej Mefaworph/e^ Trap Rock, and ChnpHlafc Waicn^.— 
Generally the granitic water is very ])ure, often not containing more than two 
to six grains })er gallon of small qiuintitit's of carbonate of sfxia, (;hloihh‘ <»r 
sodium, and a little lime and magnesia. The organic matter is in vers' small 
amount, llie clay-slate water is genendly very pun*, often not containing 
more than fnnn thn.‘e tf> ft/ur grains })(*r g*allon. 

2. The MUUt(me-Grit Water {and fnnn hard OnJIfcH). — Like tin* gi'anitif? 
water this is very jmre, often not containing more than four to (‘ight grains per 
gallon of miriend uuitters, which consist of a litth* sul[>hate and caibonate of 
lime and magnesia; a imee of iron. 

3. Soft 8and-Rnck Waferti . — These are of variable composition, but as a nile 
are impure, containing much chloride of sodium, carbonate of socla, sulphate of 
soda, iron, and a little lime, and magnesia, amounting altogether to from thirty 
to eighty grains per gallon. The organic matter may he- in large* amount, —four 
to eiglit grains per gallon, or evem more. Bornetimes these; waters are tolembly 
pure, or wells or springB, within a short distance., may vary considerably in 
composition. 

4. The Loom-Sand and Gravel Waters . — In this case; there is also a great 
variety of composition. Sometimes the water is veiy pim;, as in the case of 


* Frcsciiiiw, Quautitutive Anal cmRI. p. 481. 
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the Farnham waters, and in sonni of the watei‘s from the greensand, where 
the toUil solids are not more tlian from four to (*lght giuins per gallon, and con- 
sist of a little carbonat(i, sulphate, and silicate ol’ lime ; carbonate of magnesia, 
chlorid(!a of sodium and potassium ; sulphates of soda and potassa, iron, and 
organic matter. The last is sometimes in some amount, viz., *8 to 1 *8 grains per 
gtdlon. In tolerably j)ur(^ gnivels, not mjar towns, tlie water is often very free 
fi-oni impurity. In the case of many sands, howevcu*, wdiich are ricjh in salts 
the Avater is imjnire, the solid contents amounting sometimes to fifty (;r seventy 
grains per g^illon, c^r more, and consisthig of chloride, of sodium, carbonate of 
soda, sul])hate of soda, witli lime and magnesian salts. These waters are often 
iilkaliiH^, and contain a good dc^al of organic matter. Tlie w'ater from the sands 
in the Landes” (Southern Fnine-e) contains enougli organic matter to give ague. 

5. Watefit from flip. L'ms ClaifH vary in composition, but are often impure; 
as much as 217 gmiiis per gallon of mineral matters have been found. !No 
less a <piantity tlian 88 grains of .suljdiate of lim(‘, and 41*8 of sulphate of 
magm^sia, existed iii a wattu* examiiKHl by Voelck(u*. 

(j. The Chill k — The jnuv, typi(‘al carlionate of lime water from tlie 

chalk is very sparkling and clear, highly charged with carbonic acid, and con- 
tains from 7 to 20 grains per gallon c>f carbonate of linn*, a little carbonate of 
magiK'sia and elilorid(i t»f sodium — sm.'dl and immaterial cpiantities of iron, 
vsilica, ]<otavSsa, nitric, and jjliosjthoric acid. Sul])hanc acid in combination is 
soiiK'tiines ]>resent in variable anumnt; organic matt.(*r is usually in small 
amount. This is a good, whol(*some, and ])h.‘a.saut water. It is hard, but 
softens greatly by boiling. 

7. The (uid IJinp^inie Wnters, — These arc* also clear, 

sparkling watc'rs of agreeable taste. They differ from the* chalk in containing 
nsually more sulpliate of lime (4 to 12 grains, even more) and Iciss ciir- 
bonatc*, and, iu the case of the* dolomitic districts, much Bulpliato and carbonate 
of magnesia. ( )rgaiii() matter is usually in small amount. They are not so 
wholesome as the* chalk Avaters, and in some cases produce goitre. Tliey are 
hard, and softi'U less on boiling. 

8. The tSfdcnifir Wnfers, — Water charged Avith sulphate of lime (G to 20 
grains, c»r evem more) may oc*cur iu a variety of eases, hut it may sometimes 
c’ome from selenitic' rocks. It is an uinvlK>lesome water, and in many persons 
pixiduees dyspe])sia and constipation, alternating Avith diarrheea. It is hard, 
softens littl(* on boiling, and is not good for cooking or wjisbing. 

9. Cfity Wiifpi’i ^. — Very few s])nngs exist in the stiff clay; the water is 
chiefiy surtiKa^, and falls s<)<i]i into riv(!rs ; it Agarics greatly in composition, 
and it (d‘ten (’ontains mm'li suspended matter but fcAv dissolved constituents, 
(dii(‘fiy lime ami soda sidts. 

10. Alhiriiff Wiifrrs . — (Alluvium is iisiudly a iiiixtuiv of sand and clay), 
(lenerally im})ure, with carbonate of lime, sul])hates of lime, sulphate of nmg- 
nesia, chhu'ide of sodium, enrlH>nate of soda, iron, silica, and often much 
<>rgauic matttn’. The amount of sol ids, per gallon varies from 20 to 120 grains, 
t)r even more. 

11. tSur/ace and fSahtmif Wafer , — Veiy^ variable in composition, but often 
imjnire, and always to bt* regarded wnth suspicion. Heaths and moors, 

on primitive rocks, or hard millstone grit, may supply a pure, water which 
may, however, b(i sometimes slightly colourtnl with vegetable matter. Culti- 
vated lands, with rich manured soils, give a Avater c<Aiitainiiig often lx>th organic 


♦ ftoiuotinu^» the water <lrawa from the upper part of the chalk is really derived from ter- 
tiary sand lyiug above tlie chalk. The water contains leas carbonate of hme, and more car- 
bonate of soda and chloride of sodium, and may be alkaline. 
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matter and salta in largti quantity. Some soils contain nitrates of potash, 
soda, and magnesia, and give up these salts in large quantity to water. 
This is the case in several parts of India ; at Aden, and at Nassick in the 
Deccan (Haines). In towns, and among the liabitations of men, the surfi^e- 
water and the shallow well-water often contain large quantities of nitrites 
and nitrates, sulphates and phospliates of lime and soda, and chloride of 
sodium. The nitrates in this cose probably arise from ammonia ; nitrite 
of ammonia being first formed, which dissolves laige quantities of lime. 
Oiganic matter exists often in large amount, and slowly oxidizes, forming 
nitrous acid and ammonia. In some cases butyric acid, which often tmites 
with lime, is also fonned. 

12. Marsh Water, — This always contains a large amount of vegetable 
organic matter; from 12 to 40 and 50 grains is not uncommon, and in some 
cases there is more. Suspended organic matter is also common. The salts are 
variable, A little lime and soda, in combination with carl)onic and sxilphuric 
acids and chlorine, are the most usual. Of course, if the marslx is a salt one, 
tlie mineral constituents of sea-water are present in varying proportiona 

13. Watm* from Qrave-ijards, — Nitrites and nitrates of ammonia, and lime, 
and sometimes fatty acids, and much organic matter. 

14. Wafers flowing from factories may contain a great number of mineral 
and organic substances, including arsenic from calico-printing. 

ArteMan Well Water. — The composition varies greatly. In some cases the 
water is so highly charged with saline matter as to lx* uiidrinkablo ; tlie water 
of the artesian w^ell at Grenelle contains enough carbonate* of soda and potash 
to make it alkaline ; in some cases the xvater contains iron in some amount ; 
in other cases, especially when drawn from the lower part of the chalk, or 
the greensand below it, it is tolerably pure. Its temperature is usually high 
in proportion to the depth of the well. Tlie aeration of the water is often 
moderate. These last two points xuther militate against the employment of 
water from very deep wells. The total solid constituents of some artesian 
wells is as follows : — * 



Depth. 

Grains per Gallon. 

Grenelle, 

1797 

10 

Perpignan, 

557 

11 

Rheims, , 

101 

20'8 

Nordmarkt, in Amsterdam, 

201 

99-4 


River Water. 

Fed from a variety of sources, river water is even more complex in 
constitution than spring water ; it is also more influenced by the season, and 
by circumstances connected with season, such as the melting of snow* or ice, 
rains and floods, &c. The water taken on opposite sides of the same river 
has been found to differ slightly in composition. 


Comparative Value of Spring, River, and Well Water as Sources of Supply. 

This depends on so many circumstances, that little can be said. Spring 
water is both pure and impure in different cases ; and the mere fact of its 
being a spring is not, as sometimes imagined, a test of goodness. I^quently, 
indeed, river wafer is purer than spring water, especially from the deposit of 
carbonate of lime; organic matter is, however, generally in greater quantity, 


Mole«chott, NahniiigKinittel, I8S0, p. 280. 
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as so much more vegetable matter and animal excreta find their way into it. 
The water of a river may have a very different constitution from that of the 
springs near its banks. A good example is given by the Ouse, at York ; the 
water of this river is derived chiefly from the millstone grit which feeds the 
Swale, the Uro, and the Nid, tributaries of the Ouse ; the water contains 
only 9 grains per gallon of salts of lime, magnesia, soda, and a little iron. 
The wells in the neighbourhood pass down into the soft new red sandstone 
which lies below the millstone grit ; the water contains as much as 64-96 
grains, and even, in one case, 96 grains per galloji ; in addition to the usual 
^ts there is much chloride of calcium, nitrates of lime, soda, and magnesia. 
Shallow well water is always to he viewed with suspicion ; it is the natural 
point to which the drainage of a good deal of surrounding land tends, and 
heavy rains will often wash many substances into it. 

DidiUed Water, 

This is now vei-y largely used at sea, and it affords an easy way of 
getting good water from sea or brackish water. Almost any form of ap- 
paratus will sutflee, if fuel can he procured, to obtain enough water to sup- 
port life, and if even the sim]>lest appliances ai-e not attfiinable, the mere 
suspension of clean woollen clothing over boiling water will enable a large 
quantity to be collected. At sea, salt water is sometimes mixed with it 
from tlio priming of the boilers, and occasionally from dccoinj.)osition of the 
chloride of magnesium (probably), a little free hy«irochloric acid passes off* 
This can, if necessary, be neutralised by carboniite of soda. 

As distilled water is nearly free from air, and is therefore unpalatable to 
some persons, and it is supposed indigestible, it may be aerated by allowing 
it to run through a cask, the lK)ttom of wliich is pierced with fine holes, so 
as to expose the water to the mr. A sjHJcial appamtus for aerating the water 
distilled frt)m sea water has been invented by the late l)r Normandy, imd is 
in common use. Organic matter, at first ofl'ensive to taste and smell in dis- 
tilled water, can be got rid of by passing through a charcoal filter, or by keep- 
ing three or four days. 

Care should be taken that no lead finds its way into the distilled water. 
Many cases of leud-jK.>isoning have occurred on board ships, partly fi-om the 
use of minium in the ai>])aratus, and jmrtly from the use of zinc pijm con- 
taining lead in their composition. 

Sub-Section III. — Usual Sources of Contamination of Water, and 
Sanitary Precautions. 

In examining any water, it is necessary to consider whether, in any way, 
some special cause of impurity has l)een in operatiom 

Rain water becomes contaminated by falUng through a foul atmosphere ; 
also, by carrying away doc^iying leaves or other matters fi-om roofs of houses ; 
it dissolves also lead from lead coatings and pipes, and takes up enough zinc 
from zinc roofs to be injurious. {TardieUy liiet (THyffihiey t. 11, p. 25.) 

Rivers may bo rendered temporarily impure by heavy rain and floods 
bringing soils and vegetable debris from higher regions, or by irruptions of 
the sea, or by the overflow of marsh waters. Shallow wells and springs are 
also sometimes altered in composition by the same causes, and, iH situated 
near the sea, may be, in dry seasons, rendered brackish by tiie pressure 
of the salt water into the land. Deep springs and wells are, of course, less 
affected. 

The most common sources of (Huifiimination aie found, hov-ever, in the 
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liabitatioiiB and trades of men. Shallow wells are extremely apt to be con- 
taminated by floods carrying in surface impurities ; and by sewage soaking 
from cesspits, and by matters of all kinds thrown out on the ground. To a 
certain extent, the soil through which these substances pass will filter and 
purify them, but it must eventually lose this power, and also, at last, a com- 
plete channel may be opened, and a stream of substance may suddenly find 
its way into a well. 

A well drains an extent of ground around it in the sliape of an inverted 
cone, wliich is in proportion to its own depth and the looseness of the sod ; 
in very loose soils a well of fiO or 80 feet will drain a largo area, perhaps as 
much as 200 feet in diameter, or even more, but the exact amount is not, as 
far as I know, precisely detemined. 

Certain trades pour their refuse water into rivers ; gas-works ; slaughter- 
houses ; gut spinners j tripe-houses ; size, horn, and isinglass manufiwjtories ; 
washhouses, starch-worTcs, and calico printers, and many others. 

Gases evolved from decomposing substances, or thrown out from manufivc- 
tories, are also absorbed by sheets of water, or ai*e washed down into streams 
or sliallow wells by rain, and in this "way, it is not improbable, suspended 
organic substances are carried down 

In houses, it is astonishing how many instances occur of the water of butts, 
cisterns, and tanks getting contaminated by leaking of pipes and other 
causes, such as the passage of sewer gas through overflow pipes, &c. 

As there is now no doubt that typhoid fever, cholera, and dysenteiy may be 
caused by water rendered impure by the evacuations passed in those diseases, 
mid as simple diarrluea seems also to be largely caused by animal organic sus- 
pension or solution, it is evident how necessary it is to be (|uick-8ightod in 
regard to the possible impurity of w^ater from incidental causes of this 
kind. Therefore all tanks and cisterns should bi', inspected regularly, and 
iiny accidental source of impurity must be looked out for. Wells should be 
covered ; a good coping put round to prevent substances being washed down ; 
the distance from cesspits and dungheaps should be carefully noted ; no sewer 
should be allowed to pass near a well. Tlie same precautions should be taken 
virith springs. In the case of rivers we mast consider if contamination can 
result from the discharge of fajcal matters, trade refuse, &c. 


Sub-Section IV.^ — (.Characters of Good Drinking Water. 

The general characters of good drinking water are these. It must be 
transparent, colourless, without odour, and tasteless ; it should be well mjrated 
(as it then appears to be more easily absorbctl), cool, and pleasant to drink ; it 
must have no deposit ; vegetables should be readily cooked in it ; the totid 
dissolved constituents must be within a certain amount It is difficult, with- 
out more evidence than we at present possess, to define tliis amount, and the 
following numbers must l>e taken with some limitation : — 


Organic matter should not exceed 1*5 grains 

per gallon. 

Carbonate of lime. 

16 


Sulphate of lime, 

Carbonate and sulphate ofd 
magnesia, / 

3 


3 „ 


Chloride of sodium, . 

10 


Carbonate of soda, 

20 ~ „ 

lit 

Sulphate of soda, 

6 „ 


Iron. .... 

Of. 
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The proper amount of gases is stated by lloudet to be as follows : — 
Nitrogen, . 6 cubic inches per gallon. 

Oxygen, . 2*5 „ „ 

Free carbonic acid, 5 J to 7 „ „ 

At the Sanitary Congress held at Brussels in 1853, it was decided that 
the total amount of solids ought not to exceed 0*5 grammes per litre ( = 35 
grains per gallon), and the same rule had been prciviously laid down in the 
Annuaire des Eaux do la France pour 1851 ” (p. 14) ; but this statement is 
of little use, as the salts difTer so much in their effect on the system : the 
carbonate of lime may exist witliout injury in large quantities ; the carbonate 
of soda in still greater ; but sulphate of lime or magnesia is prejudicial in 
much smaller amounts. It must also be conceded that in some cases water 
still more highly charged with salts, especially the alkaline salts, has been 
used for many years without appanmt injur}^ 


SECTION III. 

EXAMINATION OF WATER. 

Procure as much of the water as possible ; if a thorough examination has 
to be mwle, not less than one or even two gallons are necessar>\ 


8un-5>ECTioK I, — Physical Examination. 

Shake up the watiir. Place some of it in a long glass, and allow it to 
stand for twenty-four hours to collect the sediment. Then note the follow- 
ing points. 

Colo nr and Transparennj , — Turbidity wdiich may be ])ermanent is given 
by finely divided clay, vegt^tablc matter, clialk, and ferruginous sand. 

Colour is given especially by peat, decomposing vegetation, animal 
matters. Iho depth of the colour is no indication of the amount. The 
water lixim farm-yai-ds is ofkm highly coloured, but sometimes contains little 
organic matter.* It must be remeralHmHl that a large quantity of dissolved 
organic matt«?r may exist in a perfectly colourless water. 

Taftto.f — ^Although naturally much relied on, and useful if largo quantities 
of foreign substance's are jwesent, taste is not a good guide. Organic matter, 
when dissolved, is often quite tasteless ; 55 grains t»f carlx)nate of soda and 70 
of cldoridc of sodium ]>er gallon are imperceptible ; 10 grains of carbonate of 
lime give no taste ; 25 grains of sulphate of lime very little ; yet a per- 
manently hard water, especitdJy if alkidine salts are present, has sometimes a 


• Voelcker sayn (Journal of tlie Royal Agrlcultui'al Society, No. 501, that samples of farm- 
yard water which ** looked like the very essence of tHre nianure heap/^ were found on analysis 
to contain veiy little organic matter. ^ 

t A paper in the Anny Medical Report for 1862 h^Dr De Chaumont states very clearly the 
limits of taste ; they are as follows 

Chloride of sodium is detected when it reaches 75 grains jHir gallon. 


y, poiassinm, , , 20 

magnesium, 50 to 55 

Sulphate of lime, . 25 to 30 

OarlK>nate of lime . 10 to 12 

Nitrate of lime, 16 to 2tl 

C^rlionate of soda, , 00 to 65 

•2 
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peculiar fdde or slightly saline taste, if the total salts amount to 35 to 40 
grains per gallon, and the sulphate of lime reaches 6 or 8 grains. Iron is the 
only substance in small quantity detected witli great certainty by taste. That 
a water is tasteless is, therefore, evidence only of freedom from very large im- 
pregnation with salts and organic matter. 

Smell detects sulphuretted hydrogen in very small quantities, and ammonia 
if in large amount. Suspended or dissolved decomposing animal matters in 
large quantity sometimes will give a foetid smell. If butyric or other fatty 
acids have formed, the smell may be occiisionally perceived when a stoppered 
bottle in wliich the water has been kept for some weeks is opened. 

Touch , — ^The only evidence derivable from this sense is in waslxing, hard 
waters (containing the earthy salts) forming an impertect lather with soap. 
This point is generally, however, more pi’ecisely determined. So also in 
cooking vegetables. Hard waters coat the vegetables with salts of lime, and 
prevent the access of water. 

If circumstances prevent any examination beyond the physical one, it 
should be clearly understood and stated that the information is very limited, 
and on no occasion should a water be affirmed to be good merety because it is 
colourless, tasteless, and free from smell ; it should be merely stated that the 
physical examination detects no impurity. 


Sub-Section II. — Microscopic Examination. 

After the water has stood for twenty-four hours, the sediment may be 
examined, or if there be much animal or vegetable life, a drop can at once be 
taken frpom the water. The larger animals can often be seen with the naked 
f^yo, by attentively looking through the gkss when plac(^d op|) 08 ite a bright 
light. 

In the sediment the chief microscopic appearances are — 

1. Sand ; easily known by its angles, and its being unaffected by any 

re-agent. 

2. Clay and marl ; amorphous non-angular particles, not acted on by 

re-agents. 

3. Chalk ; round and slightly angular particles, at once dissolved by 

acids. 

4. Woody fibre ; when much broken up, very little is seen beyond dark 

masses, sometimes rather fibrous-looking ; if less changed, and in 
large masses, unequivocal woody fibre can be seen. 

6, Portions of leaves ; bits of the veins, with occasionally some of the 
parenchyma, or dark masses without any distinguishing characters, 
are seen. If starchy matters remain, iodine detects them. 

6. Algje and confervoid growths are often seen even in tolerably pure 

waters, and portions of different water plants. 

7. In some cases remains of animals, portions of muscular tissue. In 

waters contaminated with sewage, an “ ochroous substance'’ has been 
found by Hassall, and^s considered to be altered muscular fibre 
tinged with bile. Nitnc acid brings out the pink tint,* according 
to Hassall. 

8. Infusoria. — ^The different kinds of paramecium ore the most common, 

and are found in water containing both animal and vegetable organic 


* A MicroKCopic Examination of the Water enpplied to the InhabitantM of London. Bv 
Arthur Hill Ha«»aU,M.r). P.8. 






Description op Plate I. 


Sediment from Bouih-‘Wing Well, Netley, drawn with the Camera lueida at the distance 
of 10 inches from the centre of eye^piece to paper. 

The presence of infusoria and animals of low tyi>e indicates the presence of organic 
matter, animal or vegetable, and it is therefore important to note their presence ; but 
it has not at present been shown that they are in themselves at all hurtful. 

Through an inadvertence, the drawings of the common water-flea (Daphnia), and 
tlic Cyclops quadricemu, have been omitted from the plates, but there is scarcely any 
po])ular microscopical work published in which drawings of these are not found. 

aaa Actinophrys, Sol., early and complete stiiges, x 2(50. 

h Supposed decomposing anneba-like expjinsions Gromio fluviatUis, 

X 435. 

r Fragment of carbonate' of lime, x 435. 
d Navicula viridis, x 435. 
e Grammatophora marina ? x 435. 

/ Supjwsod encysted .stage of Englena viridis, x 435. 
g Pinnate conferva, x 780. 
hhh Fragments of deciiying vegetable matter, x G5. 
a Fragments of carbonaceous substance. 

j Part of conferva filament, Confervo floccosa ? showing the various 
conditions of the profophism in the old and new cells, x 435. 
h Part of leaf of S phagiuim or bog-mos.s, x 1 08. 

I Grammatophora marina, x 435. 
w Minute .spoa's with zoo9pore.s ? x 435. 
n Diatoma hyalinum, x 435. 

0 Cell with dividing protoplasm, x 435. 

Oxytricha lingua, x 2G0. 
q Rotifer vulgaris, small, x 108. 
r Aiiguillula fluviatilis, x 108. 
s Peranema globosa, x 108. 
t Statoblast of a fresh-water zoophjae I x 108. 
o Arthrodesmus incus, x 435. 
r Minute Desmidia*, Scenedesmiuj obttisus^ 7bO. 
w Oscillaria hevis, x 780. ™ 

Homceocladia filifonnivs i x 435. 
y Ankistrodesraus falcatus, x 435. * 

* Minute moving particles, x 435. — (?) Zoospores, 


{To Binder^To face Plate /.) 



Desckiption of Plate II. 


Sf thmeyd of IHtch Wider, drmmi mth Camera lucida at the distance of 10 inchi 

from eye-piem to ^niper, 

a Decaying vegetable matter, ct*llular tissue, x lOB. 
b Plemosigma fonnosum, before dividing, x 170. 
c Oxytrieba gibba, x 108. 
d Amphileptus answer, x 170. 
e Euglena viridis, x 285. 

/ Supposed iircoola of some rotifer, x 108. 
ff Surirella gemma, x 108. 
h Do. do. X 05. 
i Foraminifera, x 65. 
j Tracbleocerca linguifera, x 65. 

/; Small Pljinaria ? ovisacs dlstemled, x 05. 

/ Na\icula viridis, x 285. 
m Paramecium aurelia, x 17o. 
n Coleps hirsutus, x 285. 

0 Pleuroneiua cniasa, x 285. 
p Moimra dulcis, x 170. 
q Surirella spleiidida, x 17<>. 
r Biddulphiii pulchella, x 2^5. 

5 Surirella striatula, x 170. 
t Kotifer, Monolabis conica ? x Kts. 
it Aregma, spore cases, x 285. 

V Stertor cenileus I da r. x contmeted, x 170. 
w Trinema acinus ? x 170, 
a Pinnularia grandis, x 170. 
y Cyrosigina angulatum before dividing, x 17o. 

X Aly-^jcum saltans ? y 170. 
m Synedra ulna, x 170. 
hb Amphipora elata, x 285. 
cc Gyrosigina 8|K»nccrii ,x 285. 

(hi Nitzschia sigma, x 170. 
ee Brachioims angularis, x 170. 
ff Young Vorticelk ? x 170. 
yg Gyrosigma fasciola, m||£85. 
hh Trachelius strictus, >^85. 
n Cocconema Boeckii, x 170. 
jj Confen’oid ctdl ? with divided protoplasm, x 285. 

I:k Euplotes Charon, x 17o. 


{To Binder --To face Plalf 11. 
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matter. The P. chrymdia ib extremely common in the Thames 
water (Hassall). Monads alid rotifers are sometimes seen, and 
varieties of Actinophrys, JEtcglena viridisy &c. 

9. Diatomacero in large numbers are found in some waters, and Hassall 

has figured a groat number in the Thames water. Gyrosigma hip- 
pocampus, Nitzschia elrntgata^ and species of Navicula are perhaps 
most common, but there is a considerable variety. 

10. Entomostraca. — ^The water flea (Daphnui pulex)^ and the Cyelop» 
quadricomis are the most common, and are found in most stagnant 
waters. They are also foimd in some good waters, such as that of 
Manchester, which in summer is quite full of the Daphnia. The 
Cyclops also is constantly found in water which is otherwise con- 
sidered good. 

11. Annelids. — Small worms are not infrequently found in stagnant 
or marsh water, an<l sometimes in water contaminated with sewage. 

The subjoined plab^s (kindly drawn for me by my friend Dr Maddox) 
show' all that was found in the sediment of the water drawn from one of the 
wells at hietley, and the sediment of a ditch water, w'hich may he taken to 
represent the usual surface water. Hassall has published numerous plates of 
the sediments in the vvat(jr of the London companies, which can be referred 
to.* 


Sul^8ECTION 111. — 1. Chemical Examination. 

Army surgeons w'ill often bo in positions in which it is impossible to 
make a thorough chemical examination, and indeed it is seldom, under any 
circumstances, that they have complete facilities for so doing. But even 
an imperiect examination can be made to give mucli valuable information. 
The chemical analysis can go on at the same time with the physical and 
microscopical examinations. 


1, Qualitative Examination. 

1. Remtion . — Take the reaction of the w'ater before and after boiling. If 
alkaline, it is probably so from carbonate of soda ; if so, the brown colour 
wdll not disapjxmr from turmeric. If alkaline from ammonia, the browning 
is fugitive, (yaibonic acid may in large quantity give a slight acid reaction, 
and then conceal on alkaline reaction. Railing drives off the carbonic acid. 

2. Organic Matter . — Detenniiie the presence, and form a rough guess at 
the amount, of organic matter by lioiling 6 ounces wdth a few drops of solution 
of chloride of gold. In pn>|x>rtion to the amount of organic matter, the gold 
is reduced, and forms a violet or almost black powder. If this is considerable, 
the amount of organic matter is large. Or add to a pint of the water a 
definite quantity of jM^nnanganate of jwtash (as subsequently directed), and 
allow to stand. A tcist projxised by Faurt'i for vegetable albumen, viz., tannic 
acid, or an alcoliolic solution of gallic acid, is less certain. 

3. Ldnw. — ^Test with oxalate of ammonia. Six grains per gallon of a lime 
salt give a turbidity with oxalate of ammonia ; 16 grains, a considerable pre- 
cipitatci ; 30 groins, a veiy large precipitate. Even from this test, an idea can 
Iw formed of the quontity of lime. * Boil the water briskly for thirty minutes ; 
if carbonate of lime be present, it will be thrown down j filter, fill up to 
original volume with waiter, and again test w'ith oxalate of ammonia. As 


• Op. at. 
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only 2 grains per gallon of carbonate of lime can remain in solution after boil- 
ing, a large precipitate will show that sulphate or chloride of lime is present. 

4. Mcignemia . — Filter the water fi*oni the oxalate of lime thrown down in 
3, evaporate to a very small bulk, filter again if there bo any precipitate, and 
add a few drops of chloride of ammonia and phosphate of soda, and a few 
drops of ammonia. In twenty-four hours, if magnesia be present, crystals of 
ammoniaco-magnesian phosphate are thrown down. 

5. Potrnh and Soda . — It is not often necessary to examine this point, 
but if it is wished to do so, the process is as follows : — Take a portion of the 
liquid from which lime has been thrown down ; eva|)orate to dryness, ignite 
gently to drive off ammonia ; if magnesia is present, it must }>e removed ua 
follows : Add baryta waU)r, boil, filter ; add to filtrate carbonate of ammonm 
and some caustic ammonia; evaporate to dryness, adding some chloride of 
ammonia during the process ; evapomte, ignite ; - then dissolve in a little 
water, and divide into' two portions. 

(a.) Test one portion witli bichloride of platinum for j)otassa. 

(b.) Test the oUior with antimonate of |X)ta8sa for soda. 

As this process is complex, and as potash is seldom pn^scmt in largo amount 
in drinking water, it will generally suificieni to eva])ordte the water at once, 
and see if it is alkaline ; if it is not, we may be sure no great amount of car- 
bonate of soda is j)njsent. 

6. Chlorim . — Add a few drops of dilute nitric acid, and then nitratti of 
silver. Four grains per gallon of chloride of soclium give a turbidity ; 10 
grains, a slight precipitate ; 20 grains, a consideralde preci])itate. A guess can 
thus 1x3 made at the amount. 

7. Sidphurk Acid . — Add a few drops of dilute hydrochloric acid, and then 
a few drops of chloride of barium. If in) precipitate cwcurs, let it stand for 
twenty-four hours. 

Sulphates to the amount of 1, or even H, grains ])er gallon give no 
precipitate ; at first, or even on standing, 3 grains give a huzis luid after a 
time, a slight precipitate ; above this amount, the precipitate is pretty^ Wi.*ll 
marked. If there is no preci{)itate, the pi-esiiiice of sulphates iii small amount 
(I to 2 gniins ]>er giillon) is not excluded. 

8. Pk^hfphfjrk acid, by adding a little nitrit! acid, and then an excess of* 
molybdate of ainnu)nia, and boiling. If PO^ is ]»res<*ut, a yellow (colour, and 
in time a finely powdered yellow precipitate of ph()s})horic molylxlate of 
ammonia falls, or a salt of magnesia, and ii(jUor ammonia! may \hs added to 
throw down tlie ammoniaco-magnesian ])ho8phate ; or add a very little dilute 
nitric acid, and an excess of acetate of soda, and then a drcjp of 8es(|uichloride 
of iron ; a yellow-white flociculent ])reci})itate falls. As phosjihoric acid is in 
small amount, the water must l)e concentrated. 

9. Test for iiitrk acid, hy eva})orating a pint to a very small bulk ; put in 
a test tube ; add an equal bulk ai pure sulphuric a('id,* so that it may fonn a 
layer under the vrater ; allow to cool ; and tlieii drop in a crystal of sulphate 
of iron. A dark olive-green or brown ring will form at the junction of the 
two liquids if nitric acid bo present. 

Or after the water has been grejatly concentrated, add a little sulphuric a(;id 
and a drop or two of sulphuric mud and indigo, and warm ; the blue colour 
will disappear if nitric acid be pKisent. 

Two tests have been lately proposed, which are perliaps still more deliciite : 

Brucim Test , — Dissolve 1 pail of brucine in 1000 C.(/. of distilled waU<r. 

* Tlie Hulpbunc acid may l)e t»y brucine for nitrous aciil, or by luUliufl a particle of 

nicnroTnate of potash ; if mtroi^s and be present, the green ojtide of chroninnj is Torined. 
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Take 1 C.C. of tliia soltrtion ; add 1 C.C. of the water, and then pour down 
the glass very carefully 1 C.C. of pure sulphuric acid, so that it may form a 
layer below the water. If nitrates are present, a zone of rose colour, w'hich 
turns yellow on its under suriace, appears at the junction of the two liquids. 
If the ^ water contains Yir^inr^h of NO^, the reaction is seen very decidedly. 
(Kersting, “Chemical News,^' October 1853.) Hie water used to dissolve 
the brucine and the SO^ must be pure. Commercial SO 3 generally con- 
tains NO 4 . 

PJwnyl Test — One part of jihenyl is dissolved in 4 parts of pure con- 
centrated sulphuric acid, and then diluted with 2 parts of distilled water. 
The water to lie examined is evaporated to dryness, and one or two drops of 
phenyl-sulphuric acid are allowed to fall on it at a temperature of about 212 ® 
Fahr. Nitrates, if present, are decomposed by the excess of 80,, and the 
nitric acid forms a reddish-brown compound with the phenyl But if organic 
matter, chlorides, iodides, and bromides are present, there may be a hiUiicy ; 
a drop or two of strong ammonia is then added ; the haloid compounds are 
dissolved, and carbon, if present, ap|»ear 8 in the form of small particles, not 
interfering with the yellow colour of nitro-phenylate of ammonia. Sometimes 
a green colour is produced instead of or mixed with the yellow. The test 
will detect *000006 grains of NO^ in a minute drop of water. (Sprengel, 
“(yhenu Jour.,” November 1863, p. 369.) 

10. Nitnma Acid . — Make iodide of })otassiuin starch paste by taking 1 
part of pure iodide of potassium, 20 parts of stanh, and 500 parts of water. 
Take a little of this, mix it with the water, and add a little dilute pum 
sulphuric acid ; if nitrous acid be present, a blue colour will appear. 

11. Ammonia — by Nessler’s test — is prepared as follows: Take a solu- 
tion of ]}iclilorido of mercury, and add solution of iodide of potassium till 
the precij)itate is almost redissolved, and then add liquor potoiite ; anunonia 
gives a brown procipiUte of the composition (Nllg^ 1 - 1 - 2 HO). In 559 parts 
by weight of this precipitate, there are 17 of ammonia. The water is wanned 
and tlien added to the re-agent, and it is said Uiat *0000005 grammes of 
ammonia ptjr litre can ho thus deteeWd, 

12 . Iron , — By nd and yellow prussiate of potash, or by solution of tannin, 
I'nissian blue or bhick taunate of iron are thrown di)wn. 

13. Suiphuretied Ift/droyen, by a salt of laid or by nitro-prusside 
of s<xlium, w'hich gives a Ixuiutifiil purple colour. The best tost is solu- 
tion of oxide of lend in solution of soda, prepanxl by adding solution of 
soda to acebite of lead, till the precipitate thrown dow*n is dissolved ; add 
some of this to a large <juantity of water, and see if any discoloration can be 
detected on the surface. 

14. LeatL — Pass hydrosulphuric acid at once, or after evajioration through 
the water. Collect the pnH^ipitate ; heat it on charcoal in blowpipe flame, 
to get the metidlic lead ; dissolve the lead globule in very weak nitric acid, 
and a<id a drop of solution of iodide of |H)tassiuin. 

If the lead is in \oYy small quantity, aculify at least half a gallon of the 
water with acetic acid ; add a little acetate of ammonia (to prevent the lead 
precipitating as sulphate), evaporate to a small bulk, lilter, and })ass 8 H 
through. Collect the suljdiido of lead, and proceetl m alxive. 

Even by these simple qualitative tosts a very fair opinion may be formed 
of the quality of a water, or at any rate, some guidmice is given. In the 
field a 8urgix)n can easily carry dry oxalate of ammonia and chloride of 
gold, and make solutions w*hen he >vants them, ^id thus test for lime and 
organic matter. If water does not dei>osit cuirbonato of lime on boiling, and 
after boiling continues to give a large precipitaU^ with oxalate of ammonia, the 
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presence of suljAate or nitrate of lime or chloride of calcium in large quanti- 
ties, and not of carbonate of lime, may bo iufemd. 

If to the qualitative tests the quantity of solids per gallon, and the hard- 
ness of the water before and after boiling, can be determined, a very safe 
opinion on the goodness of the water for drinking pur|) 08 es can be given at 
the cost of little time or labour. 

If, when a small quantity of permanganate of potosh be added, the disco- 
loration occurs very rapidly, the organic matter is more probably animal than 
vegetable. 

If a very large quantity of chlorine is present, the water is either con- 
taminated with sea water, or with much sewage, or is drawn from strata very 
rich in salts, as in the case of some sands. A large indication of nitric or 
nitrous acid shows oxidation of aniimd matter. 

2. Quantiiatice Determination. 

Tliere are thi^e points which we may deshe to detenuine, viz., the amount 
of the suspended matters, of the gases, and of the substances dissolved in ilit* 
water. 

(d.) Snejnmded Matters. — It is probably seldom that a medical offic^er will 
desire to <ietcrmine the quantity of susj>en(led matters ; still there are occa- 
sions when he may wish to do so. 

Take a me^isured quantity of the water which liolds in susj)ension a 
fair average quantity of substance, and allow it to staial in a long glass ; 
when it has thoroughly subsidiMl, pour off as nineh as ]>ossiblc of the clear 
water, the amount being known, and evajiomte the whole of the rest to per- 
fect dryness, carrying the heat to at h*ast 200"' Fahr. Wi*igh ; deduct 
from the weight the* amount in the (pianlity evHj)onite<l of the dissolved 
matters (which is known by a subse<pient operation) : the remainder is the 
amount of susjiended matter. 

Incinemte the dry suspeiide<l matter, recarl wuiale with solution of car 
bonate of ammonia (as subsequently directed), dry ihonmgbly, and weigh. 

The susfKuided matters am thus divided into mineral and organic. It is 
seldom necessary for our purjxjses to carry the analysis further ; but if it is 
wished to do so, act on the residue with weak acid ; note whether them is 
etfervescence (carlx)nate of lime), and test for lime, magnesia, iron, &c. I'he 
matter insoluble in acids will }x‘ sand and clay. 

{(k) Detenu i not ion of the Gfmes. — To dfdennino. all th(j gases, the easiest 
mode is by ebullition ; a flask and cnr\H)d tnlK' are both filled witli a known 
quantity of the water, and the end of the curved tube opcuis under a gniduat<Ml 
measure filled with mercury. llvMi is then Hpplie<l, and the gases ai*e <lriven 
over. Tlie total amount iKiing read off, the car})onic acid is absorlMMl by a 
little bit of caustic potash, which is paased into the tulx^ ; the aiiKuint is 
again read off, and the oxygen is tlien absorlxiti by pyrogallic iwud, or pyro- 
galiate of potassium. The remaining gas is nitrogen. Corrections niu^. Ik* 
made for temperature and pressure. (*See Aui.) liy this procijss, the com 
hined, as well as the free, carlxinic acid is obbiined. 

If this prcKXJSS cannot lx? adopt<)d, it may generally be concliuhnl that a 
good quantity of oxygen will exist in the wat<^r if there is a good amount of 
i^rbonic acid. This is approximately detenniued by the plan with Hie soap 
bist hew^afb^r given, or if the wabT Ik*, meredy allowed to stiind in a long 
gloss, hubbies of carlxmic afid gas will appear on the side of the glass, 

^ SulphurtHierl hydrogen is very rcjadily detenniued. A solution of ^«th of 
an fH|uivalent of iodine, viz,, fl‘344 grammes, is dissnived in a litre of water. 
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by the aid of a little iodide of potassium. Each cubic centimeter contains 
/006344 grammes I, and is equi^^ent to 0 00086 grammes of SH, or 0*0008 
grammes of sulphur. Take one litre of water, add starch, and drop in the 
solution of iodine from a burette till the blue tint is permanent. Multiply 
the nihiiber of C.C. used by *00085, which will give grammes of SH per litre. 
Multiply grammes of SH j)er litre by 70, to bring into grains per gallon, and 
then by 2*7625, to bring into cubic inches j>er gallon. 

(c.) Amoujit of Dimjlved Matters , — In a thorough chemical examination 
of a wato the amoiuit of (^ach ingredient is separately determined by the 
l)alance, and the different bases and acids are then combined together, accord- 
ing to some arbitrary rule, as that already given, according to some indica- 
tions which may arise during the analysis of the water. Tlie total amount 
of all the ingredients should agree very closfily with the amount of the solids 
determined by evapomtion. 

A chemical examination of this kind cannot W. done under two days, and 
often bikes longer. A medical officer will seldom have a balance fine enough, 
and all th<? other a])paratus and materials for analysis. And yet, it is very 
important he should come to some quantitative estimate of the most im- 
portant diascdvtid ingrtHliente. 

After a gtxwl de^il of consideration, I have come to the conclusion, that a 
very gocxl opinion of the hygienic qualities of a water can l>e given if (in addi- 
tion to the jdiysif^, (jualitative, and microscopical examinations) quantitative 
detenninations l>e made as follows : — 

1. Of the total solids. 

2. Of the organic matter. 

3. Of the chlorine, as tliis will indicate impregnation with sea water, 

or sewage or brackish water, from any cause. 

4. Of the earthy salts, by means of the soap test, which determines 

the so-called hardness of a water. 

But, in case time or ojqx>rtunity exist for a furtlier examination, other pro- 
cess(*s are given. 

1. [Jffrrmhte Total Snloh hij Evaporation , — Measure very carefully a pint 
of the water, or weigh a certiiin i|uantitv, and evajK)nite U> dr}Tiess. Com- 
mence. in a large evaponiiing dish, and, when dry, scrape the w*hole carefuDy 
out, and transfer into a small w<;igbed platinum or porcelain crucible. Wash 
out the large dish carf'fuUy, so as to lose no trace. L>r\' thorouglily in the 
small dish, raising the heat to 270'’ Fivlir. The hot-air bath is the best way 
of drying, but few army surgeons will possess this ; the crucible may be 
put in an oven by the side of a kitchen-range, or even iu a baker s oven, 
though the heat is often too much for this. If this c^inn(?t be done, the 
solids must be Ciirefully <lried by a spirit lamp, the heat l>cing raised a good 
d(itil, and yet not enough te blacken the organic matter. A good deal of care 
is n(;ceH.sary here, and the ojHjmtion should be rej^eated. 

If chloride of magnesium is conjectured to exist, 30 grains of j>erfecUy dxy* 
and pure carbonate of soda should first ho added to the water, imd tliis weight 
must be dtxlucted from the total weight of the residue. 

It is of the greiiiesi importanct^ to perform this o])eration carcffully. 

Tlie solids are oxpresscxl in tliis country as so many grains per gallon ; in 
France, as grammes {wr litre. If it Ihj wished to convert the latter into the 
former, a very nearly a<^curate result "is given })y multiplying by 70.* 


• Thitt tmmlwr \h oht«in(Kl m foUowii Thorft ar® 10<H) grammes in a litre, therefore the 
ratio of grammef) to a litre in 1 to 1(K»0 ; fiimilarly then? are 70,000 grainH in a gallon, therefore" 
the ratio of grainN to a gallon ia 1 to 70,t>0«». Tlie one pnqwrtion ih to the other aa 1 to 70, nv 
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2. Detennine the miount of Organic Matter, — Thei*e ai*© two princiiMil 
modes of doing tliis, boili of which sliould, if possible, be employed. 

(a.) Take the total solids determined by evaporation, and incinerate at as 
low a heat os possible, so as not to run much risk of decomposing chloride of 
magnesium, if present. Then, as ctirbonate of lime will have been nuidered 
caustic by the heat, add a little solution of carl>onic aiiid or carbonate of am- 
monia, and heat gently to drive off excess. Do tills several times ; then dry 
thoroughly and Aveigh. 

The difference between this weight, and that of the total solitis, is volatile 
matter, and presumabl}'^ organic. During the iiu*inenition 3 grains per gallon 
causes some blackening ; 6 gmins per gallon, a good deal ; 10 grains per gal- 
lon, a gre-at amount of blackening. 

(h,) The permangimate of potash has been pro|)oscd by several observers, 
tind its use has been very carefully investigated by Dr Woods (Army Medical 
Staff).* 

It is not applicable to waters containing protosalts of iron, and if tliese 
exist the iron must be afterwards separately determined, and the amount of 
permanganate decolorued by it deducted. 

Weigh 1 gramme (15*43 grains) of dry permanganate of potash, and dissolve 
in 1 litref (35*28 fluid ounces) of })erfectly pure distilled water. Then graduate 
this solution with oxalic acid by biking 40 C.C. of centinormal oxalic acidj 
ill 300 C.C. of pure water, and 2 C.C. of sulphuric a<*id ; lusting to 140" Fahr., 
and dropping in tlie fienimngaiiate from a burette ; 13 VX\ of the |Xirinaiigan- 
ate should be exactly decoiori 2 e<l. If not, the solution is strong or too 
weak, and correction must be made acconlingly by a little calculalicui. Tlien 
take 1 litre of the water to ]k‘ examined, add 2 CU’. of strong sulphuric 
acid, heat to 140° Falir. ; remove laiiifi; dn>]> in solution of jiermauganaU^ 
from a burette, stirring contimialJy, and stop when the faintest pink tint is 
perceptible. If afti^r waiting the pink tint disiippears, add a little more of the 
permanginate, and so on till a tint permanent for half an hour is obtained. 
Then reiul off the numher of C.C. used ; deduct 0*24 (\(\, as that i^uantity 
of |xjmiangiiiate is necessiiry to give a rcnl tinge to I litre of water. 

We have now got tlio i|uautity of pennanganate decolorized ]>y 1 litre of 
water. Dr Wools has shown that 1 C.C. of p(*nuanginate of the alxive 
strength is decomposed liy 0*005 grammes ( r.. 5 niillignimnH*s) of animal or- 
ganic matter; therefore, multijdy the numbf^T of C.C. of solution of perman- 
ganate by 0*005, and the result is the aiiiuuut of orgmic matter in grammes 
X^er litre. Multiply hy 70 to biing into grains |)er gallon. 


that multiplying ttie tiret hy 70 will give the second. The numbt^r 70 can only l»e umkI 
when graniiiies tsjr litre are to he >>i‘ought into grains i)er gallon. To iiriug graiaines tmr 
litre into grains j>er pint, multiply hy S'7o. 

• Chemical Journal, Jan. IStfe. *11011 paper is only a short summary of a much utotv extended 
inauiry. 

t The French weights and measures are used in this work for the volumetric detenu inatious 
on account of their convenience. Boxes containing them and apijuratus are 8ui»plied by the 
Army Medical Demrtment. 

Equivalents of tne French weights ; - 

Gramme, 15*43 grains. 

Deciijramme, > 1*543 ,, 

Cc'Utigminrae, ~ '1548 „ 

Millij^mme, — *01543 „ 

bitre, ~ 1*704 pints. 

Cubic Ctuitiraetre, = 10*9 mins. 

28*4 C.C, — 1 fluid ounce av. 


t Centinormal solution of a salt is simply the one.humireth of an equivalent dissolved in 1 
litre of water, 'fhe equivalent of crystallised oxalic acid being ti3, the humMth part ex 
pressed m gnuumes is 'o3. fiee Cliapter on Fooi>— Prepatation of alkaline solution. 
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Example, — Say 1 litre of water required 23*33 C.C. of the Bolutiou of per- 
iiiangauaU). 

23*33-0*24 = 23*09 corrected quantity for 1 litre. 

23*09 X *006 -0*115 grammee per litre of organic matter. 

0*115 X 70 - 8*06 grains per gallon of organic inatt()r. 

The cliloride of gold, so useful for the detection of the presence of organic 
matter, is less so in the examination of quantity. 

The quantity of organic matter can dso be determined by converting it 
into ammonia, distilling this, and estimating its amount by the cldoride of 
platinum or a standard acid. But this j)lan takes a longer time than the 
permanganate. 

3. Determine the anunmt of Chlorine volumetrlcalhj, — Chlorine may l>e 
detennined very rapidly by the voliunetric method. 

Make a solution of pure nitrate of silver,* by dissolving 10*99}' grammes 
(one-tenth of an equivalent) in 1 litre of water. Of this solution 1 C.C. - 
0*003546 of chlorine, or 0*005846 of cldoride of sodium. 

If the preliminary test shows a vei*y small quantity of chlorine, a litre or 
two pints must Ihj evajK)rated to a small bulk ; if the chlorine be in large 
amount, take at once two jmits or a litre of the water to be examined ; add 
enough solution of yellow cliromate of j>otaah to make the solution just yellow, 
and (ln>p in the iiitmte of silver from the burette, and stir after each addi- 
tion. The red chromate of silver wld<di is first found will disi)pj)ear as long 
as any chlorine is prt»sent. Stop directly the least red tint is i)ermanent. 
Deduct 0*1 from the amount of CX\ use^l, and multiply the I'cmainder 
by the co-ofijeient of chloriiie, or of cldoride of sodium if it ha assumed that 
that salt only is present. J»«^cit]ier solution of silver nor the water must be 
acid ; if the latter is aci<i, a little cttrlK)naU^ of soda must be aiUhnl. 

Example, — A litre of water was evapomted to about an ounce. 

A few drops of ehromate-of pohtsh, and 16*4 C.C'. gave a red colour — 
(16*4 — *1) X *003546 - 0*0578 grammes per litre ; 0*0578 x 70 -- 40*46 grains 
per gallon. 

dll is process is very useful for determining the amount of salt in various 
articles of food and tlriuk. In water it is extremely so. 

4. — Determine the Ilanlnees of the Wafer^ irhieh will give an approximate 
iilea o/ the amount of Earthg JSalU — When the total solids, the organic 
matter, and the chlorim*, have lH>en or are lieing determined, if we cannot 
atUuapt to pui'siie the examination fartlier from want of time or materials, 
the Hoiq) te.st should 1 m? employed. By it the soH^alled hardiness of a water 
(uin 1 k> detennined, and approximately the amount of puiv. constituents. The 
inethcKl hen? njcommcnded is l»ased on tlie. lH?autifid rc^searches of Dr Clark 
of Alierdeen. Messrs lioutron ami Boudet have proj^osed some modific^itions, 
and have tenned their melluHl “ Hydruliinctrie/’t and this method has been 
slightly altenMl in the hygi<?nic lalioratory of the Army Medical School. Mr 
Nicholson of the Array Mediail Staff also has suggi?sted a complete meiluKl 
of analysis Imsed on the soaji tcvst.j The result is that, with a very small 
quantity of water, and in a short time, several iniix>rtant ingwlients of w*^ater 

• The coninum hinar caustic may l*e unchI, hut as this impure, whenever it can l>e done it 
should be tUssolved, nUeriKl, and crystalUseti, and 16’997 grammes ( = grains) taken. Oi' 
pure silver may l>e dissolvett in nitric a<'id ami crvstalliHwl. The )x»st pn)j>i>rtioiia are 10*797 
gnuumes (lOO'O grains) in pun? add ; driving oft' all fumes, and dissoh ing in a litre of water. It 
mast be carefully dritxl, and kept in a dark plaa;!. 

t In the French anny this method is now largely employe<l, and tliemical boxes are issued 
b> army suraeoim and phanuad^ns. 

X Mr NichoiBon's iMifspr is publUhfMi in the •* (^hemical Journal," Dec. 1862. Home of hia 
» arc given at a suhaequmit page. 
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can be determined with sufficient accuracy for hygienic and economical pur- 
poses, and, as will be presently seen, the soap test can really be made the 
means of an extended analysis of water. 

Apparatits required for the Soap Test — Burette, divided into tentlis of a 
cubic centimeter; measure of 50 C.C. or 100 C.C. ; stoppered bottles of 
about 4 ounces capacity. 

Sohiiiom required, — 1. Standard solution of chloride of calcium. Dissolve 
0*1 gramme of pure carbonate of lime (white marble or Iceland spar) in pure 
hydrochloric acid ; evaponite to drjmcss ; dissolve ; ovajx)rato again to dry- 
ness, and do this tiU the solution is perfectly neutral. Tlien dilute with 
pure water to 1000 C.G, In English weight this is 7 grains of carbonate 
of Unie to 1 gallon. Ltibel this, “ Standard solution of chloride of calcium f 

2. The best vray is to make a solution of ten times the strength (1 gramme 
to 1 litre), or 7 grains to 'j^th of the gallon ( = 16 oimces), and to dilute wlieii 
required. Lalxd, Concentrated stdntion of chloride of calcium — 1 to 10.^’ 

If a litre of tlie stronger solution be made, it will last for many years. 

3. Instead of the lime solutions, nitrate of l>aryta may bt^ employed. All the 
trouble of eva]X)ration is avoided. Tlie strength of the standard solution is 
0*26 grammes of pui^ nitrate of baryta to 1 litre of w’ater ; of tin*, concen- 
trated solution, ten times this strength, or 2*6 grammCvS per litre. In 
English weights these are 18*2 grains per gallon for the starulanl, or 18*2 
grains to 16 ounces for the concentmted solution ; 1 part- of which has to lx> 
diluted with 9 parts of w'ater w*heii used. 

4. Solution of Soap. Dissolve a piece of soft jK>tash scwip of the Johanna- 
copoiia in equal jwirts of alcohol and water ; filter and gnidiiatc. Or rub in a 
mortar emplastnim plumbi of the Phaniiacopaaa with dry car])onaie of potash, 
in the proportions of 150 to 40; car]»onate of Iciid and oleate of jwtash are 
formed ; dissolve in rt^ctifiod spirit, filter, and graduate.* 

Metlanl of Gradnafitm, — Take 50 of the standard solution of lime 
or barvta ; put into the shaking ls)ttle, and add to it slowly the 8oa]> solution 
from the finely gnuluated liurette, shaking vigorously afUu* each addition, ami 
plying the lK)ttle on its side. Wnjii a thin lieady lather, pennanent for five 
minutes, is equally distributed over the whole surface, the process is complete. 
Bead off the amount of soap sidutioii used ; if exactly 2 ‘2 G.( \ have Wn 
used, the process is correct ; if less, the soap solution must Ixj diluted with 
spirit. A simple rule will show how much s]»irit must Ihj added. Suppose 
1*6 C.C. have )>eeri used, and that the whole of the soap solution wliich has 
been made measures 210 C.C,, then 

A.S 1*6 : 2*2 ; : 210 : x, 

X 288*7 C.C. 

The 210 C.C. must then l)e diluted t<3 288*7 C.C. The solution should then 
l>e testdi once more to see that it is quite coirect. 

To avoid trouble, it is bi^st always to make tlic soap solution too strong at 
first. 

^ the accuracy of all the subsequent prof^esses tleponds on this graduation, 
it is necessary to take the greatest care in the o)>eration. 

In all cases the glasses, burettes, &c., must bo p(?rfectly clean ; the least 
(piantity of acid, for example, will destroy the accuracy of the process alto 
gether. * 

Babonah of the^ Process, — \Vben an oleate of an alkali is mixed with puit* 
water, a latlier is given almost immediately ; but if linut, inagnesia, iron, Imryta, 
alurnma, or other substances of this kind be prf^sent, oleates of tht^e ImsiWarv 

♦ Redwood and Wood. Hy thi» rdsn a ven* mirf* and inmifAi*. 
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formed, and no lather is given until the earthy bases are thrown down. Free 
(but not combined) carbonic acid prevents the lather. The soap combines in 
equivalent proportions with these bases, so that if the soap solution be graduated 
by a solution of known strength of any kind, it will be of equivalent strength for 
corresponding solutions of other Imses, There are, however, one or two points 
which render the method less certain. One of these is, that, in the case of 
magnesia, there is sometimes a tendency to form double salts (Playfair and 
Campbell), so that the determination of magnesia is never so accurate as in 
the cases of lime or baryta. Carlx)nic acid appears to unite in equivalent 
proportions when it is passed through the soap solution ; but if it be difi'used 
in water, and then sliaken up with the soap solution, two equivalents of the 
acid unite with one of soap. 

It being clearly understood that the soap test is approximative (though 
really tolerably accurate if carefully used), it will be found an extremely 
convenient plan for medical men, as it demands very little time. 

To avoid the re})etition of the term tenth of a centimeter, it wUl be 
convenient to call each tenth of a centimeter a degree. 

Grammes. 

1*^ Soap solution, = *00014 lime. 

„ ~ ‘00025 (iarl)onate of lime. 

„ - *00034 sulphate of lime. 

„ - ‘0002775 chloride of calcium. 

„ *0001 magnesia. 

„ - ‘00021 carlxjnate of magnasia. 

*00022 carbonic acid. 

^ V - *00014 iron. 

Process trifh (he Soap Test, 

1. Determine the Total Hardness o/ the Water , — Take 50 C.C. of the 
filtereii water ; put it in a small stoppered bottle, and a<ld the soap solu* 
tion from tlie burette ; shaking it strongly until a thin uniform bendy 
lather spreads over the whole surlace without any break. If the lather 
is [wmianent for five minutes, the process is complete ; if it breaks before 
that time, add a tlrop or two more of the solution. 

Then read (>11* the inimlier of degrees of soap solution usc(L 

From the total numlwr of degrees (or tentlis of a centimeter) used, deduct 
tw*o, as that amount is luxa^ssary to give a lather with the purest water, and 
this deduction has to be made in all processes. The soap solution which has 
Iwen used indicates the hardness due to all the ingredients whicli can act on 
it ; in most drinking waters there are only lime and magnesian salts, iron, 
and free carbonic tudtl. 

Tlio amount of this total hardness is, for convenience of expression, usually 
expix^ssed in this comilry in the manner proj) 08 ed by Dr (lark. Although 
dejKmdent on various causes, it is exprt*.ssetl ns equivjilent to so much 
carl)onaie of lime jwr gidlon, and in (Tark's scale 1 grain of carl>onate of 
lime per gallon is called 1 dogate of liardness. Express the total liardness, 
therefore, in degrees of Clark’s scale. 

This k done as follows : — 

Each 0*1 C.C., or in other wonls, each degree, of our soap solution, corre- 
sponds to *00025 of carbonate of lime. Multiply, therefore, this co-efficient 
by the number of degrees of soap solution used, and the result is the hardness 
of 50 C.C. of water expressed as carbonate of lime. Then, as we have acted 
on one-twentieth of a litre, multiply by 20 to give the amount per litre, an<l 
then by 70 to bring the amount into grains per gallon. 
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Example, — A lather was given with 5*2 C.C., or 52® of the soap solution. 

(52 - 2) X -00025 X 20 X 70 ~ 17*5 grains of carbonate of lime per gallon. 

Hardness expressed as carbonate of lime = 17® *5 Clarkes scale (viz., 1® - 1 
grain of Ca 0 CO, per gallon). 

Or the number of degi’ees can be at once multiplied by the equivalent of 
carbonate of lime (50), and the amount in grammes per litre is given. 
Multiply by 70 to bring into grains per gallon.* ^ 

If the hardness of the water exceeds 80® of the soap ""solution, 25 C.C. 
of water only should be taken, and 25 C.C. of distilled water added. The 
result must then be multiplied by 2. 

This process gives very valuaWe information as to the total amount of 
earthy bases. And, taken in connection wiili the next and with the qualita- 
tive examination, it will enable any one to say whether an objectionable 
amount of earthy salts exists in the water. 

2. Determine the Pimmianent or Irremaoeahle Hardness. — Boil a known 
quantity briskly for half an hour, and replace the loss by distilled water from 
time to time. 

By boiling, all carbonic acid is driven off ; all carbonate of lime, except 
about 2 grains per gallon, is thrown down ; the sulphates of lime and chloride 
of calcium are not affected if the evaporation is not carried too far ; the 
carbonate of magnesia at first tlirown dovm is n?dissolved as the water cools. 
If iron is present, most of it is thrown down. WTien the water is cold, take 
50 C.C. and determine hardness, and calculate it again for convenience in 
Clark’s scale, /,c., as equivalent to so many gniinn of carbonate of lime |wr 
gallon. 

Example. — Before lx)iling, 52®, and after }K)iliug, 23® of the soap solution, 
were used. 

(23-2) X *00025 X 20 X 70 - 7*35 grains of carbonate of lime per gallon. 

As this hardness cannot be got rid of by boiling, it is called the j)eTmanent 
hardness, and the difference between the total and the jKjrmancnt haidness is 
the temporary or rernoveable hanlness, which in the example would be 17 *5 
— 7*35 =10*15 grains of carbonate of lime per gallon. 

The amount of jiermanent hardness is very important, as it chiefly repre- 
sents the most objectionahle earthy salts — ^viz., the sulj)hates and chlorides of 
lime, and the magnesian salts. Tlie greater the j)crmanont hardness, the 
worse is the water. The permanent hanlness of a good water should not ))e 
greater than 2® or 3® of Clark’s scale. 

The determination, then, of 

1. The total hardness, 

2. The permanent or irremoveahle hardness, 

* 3. The rernoveable or temporary hardness, 

will enable us to sjieak positively as to the Irygienic characters of a 
water, f as far os earthy salts are conceme<l. 

• The equivalents of the other saltn may be used in the Home way. There k uoinetimen a 
little difficulty in seeing where to place the decimal |K)int. but the follr>wing mle will help. 
Bring the factor always to 4 placee of decimals. Thus, if 3*' be uaed, jmt 3 ciphers ; if 30 be 
u«ed, put 2 ciphers ; for example— 

3 = -0003 

80 .. *0030 

800 = ^om 

t mm. Boutron ami Boudet recommend the following plan, which in often naefttl, but vet 
iH only to l)e (x)n.sidered as giving approximative resnlta. 

Determine the hardness 4 times (wwgrs deducting 2* tor the pure water), viz ; - 
1. Of the simple water, = { Mardnew of rari>oni»" and, lime and magnesian Haltn, 
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Additioml Analyda, — In many cases the analysis must end here ; but it 
may be desirable to carry it farther, and to determine the exact amount of some 
ingi^ients ; for example, lime, magnesia, iron, soda, sulphuric acid, silica, 
carbonic acid. 

It so happens that an approximate estimate can be given of several of these 
ingredients by the soap test ; and any one who has learned to properly de- 
termine the hardness of a water, will be able to carry on the process into 
finer details. ^ 

Lime . — Lime can l)e detennined either by weight, or approximately by the 
soap test. 

Lime by weight — ^Take a known quantity of water ; add oxalate of ammonia, 
and then ammonia enough to give an aminoniacal smell. Allow precipitate 
thoroughly to subside, and then w’ash thoroughly by decantation, or by 
throwing the precipitate on a small filter of Swedish paper, the vreight of 
the ash of which is known. Decantation is recommended. Wa.sh precipitate 
on filter ; dry ; scra]ie jjWHjipitate from filter, and place in a platinum crucible ; 
burn filter to an ash, by holding it in a strong gas flame, and place it also in 
the cnicihle. Heat tlui cniciblc to gentle redness for fifteen minutes, moisten 
with a little water, and test with turmeric paper. If no reaction is given, 
the process is done. If the j)aper is browned (showing presence of caustic 
lime), recarhonate with carbonah* of ammonia, drive off excess of ammonia, 
dry and weigh. 

The substance weigh(jd is carbonate of lime ; multiply by *56, and the re- 
sult is lime. 

Lime by the eonp M. — Messrs Boutron and Boudet have proposed, after 
detennination of total kirdness to }>recipitate the linuj by oxalate of ammonia, 
and then to determine the hardnes.s again. The difference will be owing 
to lime removed. The difficulty here is to add enough, and not too much, 
of oxalate of ammonia, which itself in excess gives hardness. 

I have found the best way to perform this process is to have a perfectly 
concentrated clear solution of oxalate of ammonia, and to add to 50 C.C. of 


2. Of water (carbonic acid 

driven off, most of the carlnmate 
of lime thrown dowm), 

3. Of wjiUir, to which oxalate of 

amiiionia has Wn adde<b and all 
lime thrown down, 

4. Of water freed from lime, andhoUed, = 


!). 


Hardness of a small amount of carbonate of 
lime (2 grains i>er gallon), of lime salts other 
than cari>onate, and of magnesian salts. 

Hardness of luagnesiim salts, and of free car* 
bonic acid. 


Hardness of magnesian salts alone. 

From No. 4 we have at once the degn*es of soap solution, corre8|X>nding to magnesian salts. 

Hedmrt No. 4 from No. 8, and the difference gives us the carlwnic acid lumlncss. 

Deduct No. 4, and on additional 6* to represent the 2 grains 4)f carlsmate of lime always left 
in solution from No. 2, and the remainder i» the hardness attributable to salts of lime other 
than carbonate, such as sulphate, chloride. 

Deduct the hardness of the niagiu^ian salts, rarlmuic axnd. an<l salts of lime other than car* 
l>onate, ffoni the total hardness, and the remainder is the hardness which is owing to carlx^nate 
of lime. 

Bay that, in the water, the hanlness (2'’ being always detiucted) was, for Nos. 1, 2, 3, and 4 
respectively, CO*, 20*, 10“^, and 3*, the further calculation would 


No. 4. Magnesian hardness = 3*. 

No. 3. (.Carbonic ac*id hardness (10* -8*) =7*. 

No, 2. Balt of lime other. than carlwnate (20* -(3® 4- 6®) =11*. 

No. 1. Carbonate of lime (60®- (3® 

Assuming the mamsesia to exist as carl)onate of magneaia, and the salts of lime other than 
carVionate to lie sulphate — but this is mendy a convenient assumption— multiply the degrees by 
the equivalents, aim then by 7U, to bring into grains i^sr gallon. Thus— * 

Carbonate of lime, 80® r.- ‘0039 k 60 x 70 = 18-650 grains jxsr gallon. 

Sulphate of lime, IV = *0011 x 68 x 70 = 5*236 „ 

Carbonate of magnesia, 3® = *0008 x 42 x 70 = 0*882 „ 

Carbonic acid, free, 7® *65 = 4*55 cubic Inches gallon. 
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water 1 drop for every 4® of soap solution used ; then, in other bottles, to add 
respectively 1, 2, and 3 drops more. Then determine hardness of all the 
bottles, and select the result which gives the least hardness. In this way we 
can hit on the bottle which contains enough, but not too much, oxalate of 
ammonia. The water need not be filtered, but it should bo allowed to stand 
at least for three or four hours, or, better still, twenty-four hours, before the 
hardness is taken. 

Then multiply the difiertmce between the total hardness^nd the hardness 
without lime, by the co-efficient for lime; this is '00014, as each degree of the 
soap solution is equivalent to tliis amount of lime. 


Example . — Total hardness, 

62° 

After lime precipitated, 

10° 

Difference, 

42° 

42 X *00014 X 20 X 70 = 8*232 grains of lime per gjdlon. 


If carefully done, this result will be near the tnith. 

Magnesia hij Weight. — Take the water from which tlie lime has been 
thrown down ; evaporate to a small bulk ; filter if there turbidity ; ad<l 
solution of chloride of ammonium and ammonia to slight excess ; then add a 
solution of p)hosphate of soda ; stir wdth a ghiss ns I ; set aside for twelvt' 
hours ; throw precipitfite on a filter, carefully detaching it frtmi the sides of 
the glass ; wash with anunoniacal water ; ilry ; incinenite on an intense heat ; 
weigh, taking care to deduct the a.sh of the lilttT known by ]>revious exj>eri- 
ment. The substance is pyrophosphate of magnesia ; multiply by *3G036 to 
get the amount of magnesiii. 

Miignma by th(‘ S(Kip Trsf, — Ikmtron and Ikiudct propose to deh^rmine 
the magnesia by boiling the w'ah'r from which tlie lime has Im^cii thrown 
down. All usual elements of banlness, except the magnesia, art3 thus got ri<l 
of The objection to the process is the pos.sibility tliat the nmgnosia may 
form a double salt with the soap. — (Campl>ell — Playfair.) 

Take 50 C.C. of water; a4ld to it the nurnlMjr of drops of solution of 
oxalate of ammonia found to 1x3 suflicient in No. 3 ; allow' to stand for tlm^? 
or four hours ; boil for half an hour, replace loss by distilh^d w'ater ; allow to 
cool, and determine har<lness, wdiich is owing to magnesia sidls. 

Calculate as iuagne.sia, Uie co-efiif3ient of wdiich, for (3acb degree of soap 
solution, is *0001, or, as carbonate of magnesia, the coefiicient of wdiich is 
‘00021. 

Example. — Hardne.ss, after driving off carbonic acid by l)oiling and pn*- 
cipitating lime, = 11®. 

{11°- 2®) X *0001 X 20 X 70 = 1*26 grains of magnesia per gallon. 

This result is merely approximative, hut it is really ahvays n( 3 arer the tnitb 
than the determination by weighing in the hands of a lx 3 ginner. 

Soda. — By w*eight, the qtiantity of lime and magnc3sia must be known 
and calculated as sulpliates ; thc3 silica and iron must also liave lx 3 en d€»ter- 
mined. 

Take the total solids after their determination by evaporation ; mid cau- 
tiously dilute sulphuric acid, avoiding loss by spurting; warm gently for 
ten minutes; then evaporate to dryness; ignik% adding at the last a ‘littlt 3 
carbonate of ammonia ; weigh. 

The substance weighed is composed of silica and iron, and sulphates of 
lime, magnesia, and soda. ITie weights of all the first-named substances ' 
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known, if tluiy uro deducted from tlie total weight, the residue is the 
weiglit of sulidiate of soda. Multiply by *43002 ; the result is soda (Na O). 

Hoda (or the AlhiUvs) hy Soap Test — This plan was devised by Air 
Nicholson. It retjuires great cans and, in my hands, has not given very 
uniform results. A known (piantity of w^ater is evaporated with a few drops 
of i'UJphuric aci<l ; all (‘xeess of acid expelled ; the suljdmtes redissoived ; 50 
C.(l and tl^e hanlm^ss dett^riniiie.d. To aj)other 50 ( \(^, strong barytic 

solution, rujiiivalent U) 100°, is added. If nothing but sulphate of lime and 
jnagn(?.sia are ]»n*s(*nt, the. amount of suljdiate of baryta ]>r(‘(d]>itaied will be 
exactly e<piivaleut to the amount of (*arthy sulphates, ami, aft(?r pre<a])itatioTi, 
the liardness will 1 k‘ exa(‘tly tliat <»f tin*, added baiytie solution. Hut if sul- 
phates of poUish or soda are ]in‘sent, more baryta will be carried down, and 
therc^ will be a corresponding loss of hardness. The loss of hardness, there 
fon\ below the 100'' of barytic. solution added, indi<*ate.s the amount of >St)j 
united with an alkali, and therefore the amount of the alkali itself. 

This method does not distinguish betw<*en potasli and soda. 

Kjcample , — Harlmvss after SO, evaporation, . 55^ 

liardness of 25 C.(\ of baiytic solution, lop'^ 


150 


After pree.ipilation, . . . 87° 

Alkali I 0 .S.S 10r-87° - IT. 

'fliis may i)e rjekomsl as socla, iis the amount of jMttash is usually small, 
but the rvsiilt is, of (Mmrse, apprrtximative, as potash may he present, (.'o 
<diieient of s<^dium, *tM)0115; «>fs(«la, *0001.55. 

’OOtlllT) X 14 > 20 < 70 *25 grains of sudiuin pt‘r gallon. 

Saljfhurie Aetd hy Wtiyhf . — Take a known quantity of water (500 to 
1000 gram me.>) ; evaporate to a small hulk; aei<lify with hydroeliloric acid, 
and ad<l ehhuide of harium ; wash by d(‘eantution ; dry and w<dgh. 'J'lie .sub 
stance is suljiliulc of baryta ; multijdv by *34300 to get tlie amount of 
S( ) . 

Sulpfutrir Arid hy Simp 7Vvf/.- -This plan was pro]M>sod by r>outr«>u and 
Iloudet, ami is brietly as tollows : — The liardness of tlie water being known, a 
eiTtain quantity (2 to S of the .slrongm* barytic solution i.s added to 

50 (\(\, and the mixture is alloweil to .stand. The hardness (supposing 
no SO,, w(*n‘ pi'esent) would Im^ exa«*lly equal to tlie original liardm*ss of tlie 
watm\ ami of tlm Kirytie solution eombined. Hut S( ), being pr.*sent, sulphate 
of Iwiryta is ]ireeipitated, ami there is a loss of hardness, iuich degree of lo.s> 
equals *0002 of anhydrous suljduiric. aeid (SO,). 

JCwa/aple . — Original hardness, ..... 02° 

5 C.t\, strong barytic stdut ion, 2(r*24 


82''’'*2 

After precipitation, . , 7l°’2 


*0002 X 11 X 20 X 7(t=s3*08 grains per g*allon of St),. 


♦ Thill is, KKr for tlur ImryOi, auU 1' for tin* (*.r. of water, 
t That in, the tmryta equals ,aml the water ef the 5 V.i\ equals 0®*2. 
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Usnally this process gives good results. Occasionally, from some cause of 
which I am ignorant, the sulphate of baryta <loe8 not proci])itato. This does 
not depend on the amount of sulphuric acid. Tlie ease with which this pro- 
cess is done renders it useful. 

Iron. — Evapomte one-half of the water k) dryness ; incinerate to destroy 
organic matter; if iron be present, the ash will be red. Dissolve in a small 
quantity of sulphuric acid ; add zinc to reduce the iron to protoxide ; dilute 
to 100 C.C. or any convenient (piantity, and warm to 140® Fahr. Put the 
solution of permanganate of pottush,* gniduated for the organic matter, into a 
burette, and add it to the w^ater till the faint-est rr^l tint is permanent. Cal- 
culate bow much would be used for the litni, and deduct 0*24 C.C. Multiply 
remainder by co-efticieiit of ii*on, or oxide or carlx)nato of iron. 

Gmnimes. 

1 C.C. of pcnnangJinate, - *00172 iron. 

„ ,, ~ *002211 protoxide of iron. 

„ „ * - *003562 carlx)nak^ of iron. 

If, in a water containing iron, the amount of organicj matter and iron has 
iK^en jireviously dek^rmined, the amount of permangjinate used for tlu? m»n 
must he now deducted from tluj total amount to (^bUiin the exact (piantity of 
^>eTmanganak d(ioompos(*d by organic matter idorie. 

Siiica and Iron. — Take the drie^l solids ; add stmng hydrochloric; acid : 
evajiorate to dryness ; dissolve everything that will conn* away by re]H;akd 
wfisbing with hot w*atc*r. Weigh miiaindcT fis sili(;a and iron mixeil. 

The amounte of the Nitric <tn(l Ph<)f>^}thoric Aci(h had better not be d(»kr- 
laincd by weight. If it is wished to do so, rtd’er to Fresenius' “ (Quantitative*, 
Chemical Analy.sis.^^ 

Free Carhmic Acid. — Detennimdion hf the Sottft 7c(4t. — Tn order to get rid 
of the falla<?y from fn^e earlK>uic acid acting on tlu* soap, Clark n;conimend(‘d 
that the water should 1 h; well shak(»n in a Ixdths so sis to distuigjigt; some of 
the CC,^, and then that the* air .shtmld Ik; sucki‘d (»ut. lUit this doas not 
entirely remove* tlie carlMniie. a(;id, 

Py the soap k?st the fn^* (.iirlMiiiic acid can lx* deU'rinined in the following 
way : Throw down all the linu; (jarefully, without lulding an (‘xcess of oxalate 
of ammonia, and dotennim; the hardn(*s.s in 50 C. C. as usual. The hardiness 
will be owing to magnesian salts, iron, if it exists (or alumina or Iwiryta in 
mineral waters), and carbonic aend, Jf, now, tin* wak*!* }>e boilcMl, and tlu* 
loss of water replaced by distill(‘d water, tlui (;ar}K)nic acid will be <lriv(*n oti, 
and the liardncvss again determined. Tlu; diilerem;** luttwciai iht* tirst and 
second trials will (if no iron exist in tlu*, wat(;r), giv(* the amount of soa]» 
solutions w'hich had heen j)reviously (icbul on by llu^ carbonic acid 

Kxanqde. — 1. Total niagncjsian and carbcmic a<dd bardiujsH, s= 12'" 

2. Magnesian liardness, . . , . == 7*^ 

(/arbonm a<*id hardiu?HS, . . =r N 


* This ftolutiou of iH*mmn^anatc \h merely line,*! iK'Caiise it liJis l>(u*u tiln‘a«ly fur 

th<i organic irtatter. Otherwise it i« more convenient to iiw} a (l(M'inoriiial sohaiun of the TH*r- 
niaiigaiiatc, or to use the hiclironiate of i>otn«h, which, in hoioh re,sf*ect«, Ih aufiorior to the 
jKjnnanganate ; as 1 atom of bichromate gives up atornH of ox ygen, the <lecinnrmal aolutioii in 
^^th of an wpiivaleiit graimmw) di«aolv(»<l in 1 (>00 e^jual to 

atom of a proUmalt, or ^^th of a jxirHult (t p atom of iron =r -(KKriS). The end of the 
reac-lion in known by bringing a (Iron of the mixture in contact with a (lro[> of frt^shly pn^]>rtiv»l 
red pruHhiab? of t»r,taHh f»i» a white «fab (Sititori. p. il4). The colour at the point, of c<juta(‘t i.-< 
blue OH long m protoxide of irrm exiatn, th(?n i« green, and then brr)wniHh ; the disapttenrance of 
the greenij^h blue tint indicates the punt at wldch all the iron ia oxidizi*fb 
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1® of soap solution corresponds to *00022 graminos carbonic acid. Therefore — 
*00022 X 5 X 20 X 70 a 1 *54 grains per gallon. 

As 2 *110 cubic inches weigh 1 grain, multiply the number of grains by 
2*116 to biiiig into cubic inches per gallon, 

1*64 X 2*116 = 3*25 cubic inches. 

Or, to shorten the calculation, multiply the number of degrees of soap solution 
by *65 ; the result is the amount of cubic inches per gallon. 

5 X *65 = 3*25 cubic inches per gallon. 

If iron exists in the water, it must be determined and its amount deducted ; 
1® of soap solution corresponds b) *00014 grammes of iron (Fe), 

Mr Nicholson has proposed another process which is more accurate, but 
demands more time and care. 

Determine the total hardness (»f the water. Tlien to another known quan- 
tity of Wfiter add a few drops of sulphuric acid ; evaporat(i to dryness ; drive 
oil’ candully the excess of 8O3 ; dissolve in an tx^ual quantity of pure water, 
and determine the hardness again. The 80^ converts all the siilts into sul- 
phates, but their hardness remains the same ; the CO^ is, however, driven otf, 
and the dilference between the first and second determination represents the 
carbonic acid. The calculation is made as l)efore.* 

Becfqniiihxtion of the Hchmie for ihe Rapid Emmination of WatiT. 

1. Take physical characters. 

2. Set aside a portion to stand. In twenty-four hours examine se<iimeut, 
if any, with the microscope. 

3. M(3ii.sur(^ a portion of wat(*.r, and set it to boil for half an hour. 

4. Take another portion; add a few drfq)s of tcKtiloride of gold, and set 
it to boil. 

5. Arrange test tubes or glasses. Put some of the water in each, and tost 
for lime, sulplniric acid, chlorine, and nitric mid nitrous acid. If time per- 
mit, pursucj the examination further. 

6. EvaixiniUj for toUil solids. 

7. DetenuiiU! organic matU*r hv pcTinanganate. 

8. Thitemiine amount of clilorim^. 

11. DebTinine the luirdness of the simple aisl boiled water. 

lly tht^(^ simple im'ans we obtain all tlie liygienic information that is really 
inijM>rtant and m*ce.s,sar}*. If we know* the total solids, the amount of orgtude 
matter, the amount of chlorine, wliieli wdll show ns whether the water is 
impregnated with sea w*ater or sewage, and the approximativi' amount of the 
t'arthy salts, as deteniiined hy the liardness, we can without hesitation ex]>ress 
Ji confident opinion tliat the w*at(^r is good or bad. 

If time p(‘.rmit, the examination can lu* puslunl farther : 

Detenniiui amount of lime and magnesia by soap test or by weight, 

DetenniiH* amount of sulphuric and carbonic acids by soap test. 

IkdiTOiine amount of iron and silica, 

I>ob‘rmine amrtunt of so<la by weight. 

('alculate ammling to the formula given at a former j>age. 

Srhrmi\for thr Rtyiafrofion of ihr Coodifioa ihv Water at 
Different SfaiionK 

IfanalyseH were nuule fn*quently at (*ac]i .'^tation^ and a reemxl left in the 
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office, the succevssive medical officers would be alile to learn at once the com- 
position of the water and its charges during the year — in floods, dry seasons, 
&c. Of course, any elaborate analyses coukl not be expected, but the follow- 
ing short scheme woidd give much useful information : 

Example of a Simple Table proposed to be hung up in tlio Surgery of eacli 
Station. Of course, wlienevcr jmicticable, it should Ikj extended. 1 havi^ 
here given only the facts of greatest luomeut. 
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SECTION JY. 

SuB-SeCTIOX L — PuJUFICAiroX or WATKlt. 

Filtration. 

1. Ejr/miire to Air in dirided enrrmia. — Tliis Wiis a j>lan proposed by Lind, 
for tlic water of the African west coast, ni<»re than 100 years ago, and 
frequently Tvviv(*<l siiice. Tin* water is simply poureil through a si<.*ve, lu* a 
tin <»r wooden ]>late, pierced witli many small holes, so as to causi* it to fall in 
finely divided streams. A similar plan, advised by Mr Osbnilge, luis la^en 
used in tlie Loyal Navy. A hambjuimp is inserted in a (*usk td* water, and 
the water is pumjaal uj>. and made, to fall tlirough j>erforuled sheets of tin. 
It soon lemoves bydrosulphuric m;id, olfeusivc orgiuiic vapours, and, it is sjiid, 
dissolved organic mattei-. 

2. Boiliinj and tnjihdion . — This plan gets rid of carbonate of lime, iron in 
part, and hydroHulpliuric acid, and lesst;ns, it is said, organic matter. 

3. Additiiui of Ahnn. — Six grains per galhui tlirows down alnnwi all sus- 
pended maiUtrs ; the tdumina falls as a basic wdt ; the sulphuric, acid remains 
in solution. The alum should, if possi])le, Ixi added, tAventy-four hf>urs 
befoitj the water is used. 

4. Addition of Limn Water (< dark s patent). — Tly comluiiing wutli carbonic 
acid, it causes almost all the carbonate of lime previously and newly funned 
to Ihj tlii'ow’ii dowui. It also tlirow's down suspended ami peiha]>s dissolved 
organi(; matters, and also, it is said, iron. It does m*t touch the 8ul|3uiU» 
and chlorides of lime and magnesia. 

5. Addition of Fvnnaiajnnate. of PotoHh, or Soda ((.Vjndy’s fluid and |:K)wder). 
— It destroys organic matter and anunoniacal C(ur»]»oun<ls by rapid f>xidation, 
and may be used with advantage for this j>urpose. Tsed for the water of 
ponds charged with putrefying organic matters, it ]>urilies the*, watc;r almost 
instantaneously (Hofmann). Tlu^ peroxide of' manganese subsides, and (mn 
be separated by filtration. 
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€. Oarhomte of Soda^ with boiling, throws down Ubkj, and possibly a little 
leail if present. 

7. Ut^e of the Strychnos potatorum , — In India, this nnt is rublsid on the 
inside of cjwks, and is supposed to jmrify water from organic matter. 

8. Immersion of Iron Wire and Magnetic Oxide of Iron (Medlock). — ^This 
jkUh is said to decompose organic nuitter. Cliarcoal and peroxide of iron are 
sonietime.H mixed. 

9. Immermioi or hnling of rertain Vegetahles^ especially those containing 
tannin ; hucIi jis tcji,* kino, tlic Limrier rose {Neriuin Oleander^ which is also 
rublx^d on the inside of casks in Barbary), bitter almonds (in Egypt). 

10. Immermon of small pieces of Chareoal^ and. charring the inside of Cashs, 
— This is an extremely eflex^tiuil plan, but tlic ediarcoal soon loses its j)ower, 
and iw{uires to 1h*. r(?n(iwed. Berthollei considered that the charring of the 
casks was niore efrectual than the iminersiun ; the charring can l)e renewed 
from time to time. lilwitz advises that a little sulpliuric acid (10 dro])s t-o 
1 lb. of clmrcoal) shall be JKlde<l. A mixture of soriu^ of these substances has 
})e(Ui used, as lime and alum (1 part to 2), or carlKui and alum (4 parts to 1). 

To ))ui thext* facd-s in anoth(*r form : — 

Organic matter is got rid of most midily by r'Xposnre to air, boiling, 
agibition, chare.oal, alum, ])(‘rmanganate r>f i)otiish, Strychnos potatorum, 
astringents. 

Carhonafc if Htnc^ by bf)iling and addition of caustic lime. 

Vhluridc (f sodium,, by liltrat ion through a great depth of charcoal or sand. 

Iron^ by Ixiiling and lime M'atcr, ajid in ]»art by charcoal. Li*ad and copp(‘r 
ar(t also rein(»V(sl or lessi*msl by ]nm^ charcoaLt 

Hidphate and chlorides of lime, and of magnesia, cannot Ik* gut rid of, ])Ut are 
perhaps lesseiu'd a little by liltmtion through ebareoal. 

It shouhl also be reinemlHU’tHl that some water-jdants have a ]mrifying 
elfcct, a])pareutly from the, largi* (piantity of oxygem they give out ; and this 
takex place sometimes though the. water itsoll’ is green. 

With Filtration. 

On the large scah*., water is r(‘Ci*ivetl into settling reservoirs, where the 
most bulky suhstiincos subside, ami i.s then iiltcred tlivoiigh gravel and sand, 
either by ascent or descemt, or alternat»*ly one and the other (Thom, at Paisley). 
A sort of trap rock (amygdaloid) has Iw^on usimI instead of sand at (irtHmock, 
and is said to be very useful in peaty discoloration (Thom). ]Mr "Will’s ex- 
periments show that sand n*moves about 5 per cent, of organic^ matter, but 
not more than 0*2 per cent, of mineral subsbmces. It is said, however, that a 
very great thickness f)f saml will in part purify from chloride of sodium ; and 
Professor Clark has stated that lead is also lessened or n»ni(>ved by this plan. 

On a smaller scale, a great nuinlM?r of substauc<*s liave been used ; animal 
and vegetabh* charcoal, charcoal and soda (Lipscxunlx*), magneti(t inui ores and 
luenmtito, peroxide* of inangjinesc, flannel, w*ool, s]>nnge, porous sandstones, 
natural and artilicial, &c. 

Of all these aul)sbinc(^s, charcoal is the best-< it can ivmove 88 per cent of 


♦ In the North of China, and estxcially during winter, the water of the Pciho Wcomea very 
Impure, niid rontainn not only AiiHtHtmliHl matWrs, but di.ssolved animal matter in Urge quantity, 
wlndi ^ive« tho winter a disagreeable offensive amell. The Chinese never drink it exa»pt aatea, 
which iH cooled with a lump of ice, if it is desired to drink it cold. Iti this way they secure then^ 
Helves from all bod elTerts of ibis wator (Frieilcl, l>aa Klima. Ost.Asiens, p. fk>). The Euro}>eans 
uw alutn and charcoal ; but these do not always entindy remove the taste. The Tartars also 
imed their brick tea'' to purify the vrater of the Stepi>eW, which would othetwise be undrinkable, 
t Chevallier, Trait<^ dea Disinfect p. 147. 
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organic matter, and 28^per cent, of mineral matters. It has removed 7*48 per 
cent, of tile cliloride of sodium, 8*5 per cent, of the lime salts, and 2*3 jior 
cent of the sulphuric acid (Witt). One part of animal charcoal purified 136 
times its weight of any impure water, and 1 jMirt of vegetable chai*coal 116 times 
(Gaultier do Claubry). But if the water be moderately good, 1 port of charcoal 
will purify 600 times its own weight of watir ; or 1 lb. will purify 600 lbs. 
or 60 gallons. 

Animal charcoal is bettor than vegetable charcoal ; lx)th lose their power 
in a certain time, but regain it wdien exposed to air, and still more quickly if 
slight heat be employed. Every now and then, thorefoni, the charcoal should 
be removed, tlioroughly dried, and freely exposcMi to the air. 

The thickness of charcoal should be considerable ; in the btjst filters it is 
very closely pressed. 

The effect of the cliarcoal is partly mechanical, but chiefly chemical ; the 
large quantity of oxygen in its i)ores is bremght into the closest contact with 
any oxidmble matters in-tlio water. 

In very large quantities, clmrcool uill, it is said, remove sufficient sidt fironi 
sea water to render it pottiblo writh wine. Lately, M. Cardan has recom- 
mended a siphon, the long leg of which is filled with charcoal. The action 
is started with fresli water, and then sea, water is allt)wed to flow through. 
Tliere might be cmmmstancos in which distillation (»f sc^a wahT could not be 
carrieil on, and then this plan might he useful. 

In Lipscomhe’s patent, carbonate of soda is mixed with the cliarcoal ; its 
utility is doubtful, and it must soon he dissolved out. 

The filter patented by M. Fouvielle, in Pai’is, is comj>ose<l of 9 layers of 
sjKmges, pounded sandstone, and gravel That of M. Souchon is made up 
chiefly of diaphragms of wool ; the wool having previously boiled in 
solution of alum and cream of tnrhir, and tlu*n dywl in infusion of gall-nuts, 
and washed in solution of* carlionate of soda 

Sub-Section IL — Stouage of Water. 

Hie amount of storage required will depend on circumstances, viz., tlie 
amount used, and the case f»f retilenlshiiig. It is, of course, easy to calculate 
the space required when these conditions arc known, in this way : — Tlu^ 
nuinlx^r of gallons required daily for the whole i>opulation must he divided 
by 6*23 to bring into cubic feet, and multiplied by the number of days which 
the storage must last ; the product is the necessar}*^ size of the rcsciToir in 
cubic feet. 

Many vraters, particxilarly rain water, must be filtered through sand tefore 
they pass into small cisterns, and tlu^ filter should lie ehianod every three or 
four months. The following is the filter recommended by the Ban*ack Com- 
mission.* (See fig. 1.) 

Whatever be the size of the reservoir, it should 1x5 kept carefidly clean, and 
no possible source of contamination should he ixinnitted. In the laige 
reservoirs for town supidy, the water is sometimes rendered impure liy 
floods washing surface refuse into them, or by substances being thrown in. 

Some large cities are still supplied principally by rain water, as Con- 
stantinoplt) — where, under the houses, are enormous cistenis — Venice, and 
other places, t Gibraltar is in part supplied in tliis way, an<l Uiere was 


* Report on the Mediterranean Stations, 1863. 

t Tlie fi>lU»wing account of the cisterns of Venice may i)e inter(5Sting (Chemical News, 
Aurast 1862. from the Scientific American) 

'^The city of Venice is wholly supplied with rain water, which is retained in cisterns* Tlie 
city occupies an area of nlwut 13,000 acres. The annual average fall of rain is 81 inches, the 
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aiorage in the militairy iankri, in 1861, for 1,971,841 gallonn. No house is 
now allowed to Ikj built in, Gibraltar without a tank. 

As far as possible, all reservoirs, tanks, &c., should be covered in ; in form, 
they should be deep rather than extondcxi, so as to lessen evaporation and 
secure coolness. While they should \)q ]>eriodically and carefully cleaned, 
it would apperir that it is not always wise to disturb water plants which may 
he growing in them ; some plants, as the protococcus, the chara, and others, 
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give t)ut ji very large amount (»f <ixyg(}n, and thus oxidize au<l render in- 
lUKuioiis the organic matter whicli may be ilissolved in the water or volatilized 
from tlie surftu e.* Dr (du'vers numtions that tlie water of some tanks whicli 
were ordered to be cleared of wah^r ])lants by Sir (diaries Napier, deteriorated 
in cpialit y . Other jdants, In nvever, as some ajiecies of duckweed (lemna at home, 
pistia in tint tropics), are said to contain an acrid matter which they give off* 
to the Avater, It would be well to remove soim‘ of the plant, ]>lace it in pim* 
water in a ghiss v<\ssel, and try by experiment whether the amount of organic 
matU‘r in tlie water is increased, or wludher any taste is given to the vrater. 
Dciad vegidablc matt(*r should never lind its way into, or at any rate remain 
in, a n^^ervoir. 


lirciiter juirt cf which is coIIccUmI in lie?/ cisleras, 177 of whu li are public. The rain is 
Kulficifiitly abundant to fill the <‘istcnis live times in the coumc; of the year, so ilmt tbe distri- 
bution <d‘ w'utcr is at the rate ol Slli gallons |»er hviuX. To construct n cistern after the Venetian 
fashion, a large hole is dug in the gr»>und to the depth of alsnit 9 feet. The sidea of the 
excavation are 8iipix»rtetl by a fnimeworlc made of gcnsl oak t.iniW*r, and the cisteni bos thus 
the ftpjwarance of a sijuan' tnincated pyramid, with the wider base turned upwanl, A cmiting 
of pun^ and compact clay, 1 f(s)t thick, is now applied on the wo^xlon frame witli gre^it care ; this 
opposes an invincible ob'sUude to the pn^gress of the roots of any plants grt>wing in the vicinity, 
ami also to the pressure of the waU^r in contact uith it. crevices are toft which might 
allow the air to jtenetmto. This pndiniinary work Ifciug dune, a laigi* circular sU>ne, |wUy 
hollowed out like the bottom <»f a kettle, is deiH)»iW in the pyramid with the cavity upward ; 
tuid on this foundation a cylinder of well bakwl bricks is constnu'ied, having no interstices 
whatever, extsept a ntmd>er of coiiic/il holes in the Indtom I'ow, The large vacant spaoe 
i*emnining between the sides of the pyramid and cyUudt r is IiIUhI with well-scoured sea sand. 
At the four comm of the pyt*amid they place a kind of stone inmgh covered with a stone Ud 
piercwl with holes. Thase troughs coinmnnicate with each other by means of a small rill made 
of bricks, and resting on the sand ; aiul tlie w'hole i.s thi n i>aved over. The rain water coming 
from the natfs of the buildings rims into the troughs, iwnetrateH into the sand through the 
rills, anil is thus fdtereil into the wtdl hole by the conii'af holes alreaily dt»»crilKHl. The water 
thus HUpplitHl Is limpid, sweet, and 
* (Memens in Arehiv, fiir Phy.sioi. Heilk, 
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Whenever a resei’voir is so large that it cannot be covered in, it may 
suggested whether a second smaller covered tank, capable of holding a few 
days* su])ply, might not bo provided with a iilter, through which the water of 
the large reservoir miglit be led as required. 

When tiinks are largo, they an* jnade of earth, stones, or masonry ; if 
moi*bir be used, it should, as in the case of the smaller reservoirs, he 
hydmulic*, so that it may not he ueted t»n hy the water. 

The materials of small reservoirs ami cist(*rns an* stone, cement, lu’ick, 
slate, tiles, lead, and inm. ( these slate is the Iw^st, but it is rather liable 
to leakage, and anust U* set in good cement ; common mortar must not hv. 
used for stone or (X*mtMit, as lime is taken nj) and the water lMKu>mes hard, 
leaden cisterns, as in tin* c^ise of leaden pi}>es, may yield lea<l to water, and 
should be used as little as pt>ssible, (u* should In* pn>tected. Lead cist(*nis an* 
often corroded })y mud or mortar, even when no lead is dissolved in the AvaU*r. 
Iron cisterns and pipes are ot‘ti*n mj)idly eaten away. 

Oistenis should always he well covered, and protecte<l as mm'h as jxwsibh* 
from lH)th heat and light. Can^ should always Ik* taken that then* is no 
chance of leakage of pi})es into them. A (‘ommon soureo of contamination is 
an overllow j)i[K‘ ] Kissing direct into a sewer, so that the s«*wer gases pass uj), 
and being contimMl by the cover <»f the cistern, an* absorb(*il by the wab*r ; to 
prevent this, the overtlo^v pipe* is curved so as to n‘taiii a litth* water and 
fonn a trap, but the water often evaporates, or tie* gases force* their way 
through it ; no overflow ])ipe shoiihl thereibre open into a sower, Imt should 
end above ground over a trapped ' grating, ('isterns slnaiM be })eriodieally 
and carefully inspt*(‘ted ; and in every new building, if they are plac(*d at tin* 
top of a hous(*, convenient means of acces>s should be provided. 

Sub-Skction hi. — I h.sTuinuTioN ov Watf.u. 

T^Tien house.s are removed from sources of water, the suj>p]y must be by 
a^pieducts and pipes. The distribution by band, formerly so eomnion in this 
country, and still ])ractised in India, is a rude and ol>j(‘cli<nial>le aiTangenient, 
for it is im[K)ssible to .su]>ply the proper <piantitv, and tin* ri.sks of cont^imina 
tion are incretised. Some of the most extraordiimry of the Koman woiks in 
>>oth the eastern and we.stern empire.s were uii(l(*rtaken for the su[>ply of 
water — works whose*, ruins excit>i*. the astonish me lit, and should rou.se tin* 
emulation of imKlern nations. 

Th(i pij»es are comjjosed of iron, masemry, or earth(*nware for the larger 
pij^es or mains, the iron l>eing sometimes tinned or galvanist'd ; for the 
smaller pipes, iron, lea<l, tin, zinc, tinned coj)per, earthenwaiv, gutUi jK*rcha, 
&c. are used. 

Bituminlsed paper j»i]>es were some time since bifaiglit into the market, 
but they have not succeede,d ; after a time the^^ l){*(*f»me. soft. Tijies of art i 
ficial stone are now, it is siiid, able to 1 h* made. Iron is the best material for 
the larger pijies, and iron or non-nietaliic substanc(*K for the smallej* pipes, 
(For the twttion on lead, see next page.) The distribution of wat(*r is (*ither 
intermittent, when the Avater flows at certain tinn^s from its .mmnte or rewer* 
voir into cisterns, and is there stored for a time ; or it is (*ontinuons, when the 
housf* Y»ipes an^ connected always with the main reservoir. 

The latter pkn gives a constant supply, and avoid.s all chances of contam- 
ination of cist(TOB. It has, tbendbre, been strongly advrKiabKi by some 
of the \mi sanitarians of our time, and is employed in sev<?ral Kiiglish 
towns. It has, however, some disadvantagc*.s. Ilie waste of wat<*,r is con- 
siderable, and cliaucfts of leakage an? eonsiilerable. As in many instances 
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where the Byntcm has been adopted, the supply of water is nmcli larger than 
the ])opulation demand, the loss of water at first causes no inconvenience ; but 
if th(i populati(»n increase, or if the supply is only just sufiicient from the 
(irst, tlie waste is soiiKdimes a great evil, and in some cases has becui almost 
intoleiuble. Various plans have been trit?d — wat(.* * * § r meters and payments l.^y 
quantity ; but then the eliect was to hiad to sueJi economy on the ])ai*t of the 
ttmants, as to lea<l to de])ressed mt(5H, and to almost ruin the wat<jr company. 
Some companies bound to a constiint supply liave- introduced a kind of throttle 
into the H<Tvice-pipe., wliieli allows oidy a drihhle into the hous(‘ ; ])nt this is 
bad, as then* an*. (*ertiun times wh(‘u much water is wanted, and times when 
little is used ; the invariable drihhle gives too little or too inmdi. 

On the whoh*, cisterns an* ]>rol)ahly a nece>isity unless the* supply of water 
e.an meet a vc'iy gn*at <lemaii(l ; th(‘n the constant system should he adopted. 

AVater sho\dd he distributed not only to <*verv houses, but to every Hour in 
a liouse. If this isnrd done, if labour is scar(*e in the houses of [sior people, 
the watf‘r is used several times; it heeomevS a question of labour and trouble 
r(rsuf< eh?anliness and hi*al1h, and the latter too ofton give way. Means mnst 
also Ixi <levisi.*d for the spi^cdy removal of dirty water fnjiii houses for tlie 
same reasons. 

♦Sub-Skction’ JV. — 1, Action of AV.vtkr on Lead Pipes. 

'I'liere an^ more discrepancii's of opinion on this Hu]>je(?t than might have 
been antici}>ate»l. 

From an analysis of most of the works, the following points iij)pear to be 
the. most (‘(‘rtain : — 

1. 'I'he waters which aet most on lead are the ])urest and most liigldy 
oxygenated : also thosi^ containing orgaui^^ matter, nitrites (Mixlhak),*'" nitrate, 
and a(;eor<ling to several obs(*rv«*i‘s, chlorides, besides the portion dissolved, a 
film or erust is often formed, especially at the time of contact of water and 
air; this (*ru.si cfuisisls u.sually of 2 juirts of carbonate of lea<l and 1 of 
hyilnit<‘d oxide. 'Fhe mud of s(‘Vend rivors, (‘ve n the Thames, will corrode 
Iea<l, prdjahly from the organh*. matti*r it contains, Init it does not necessiirily 
follow that any h‘a<l luis been dissolved in the watcT. Bits of mortar will 
also (‘oiTode lead. 

2. Idle waters Avhicdi act least on lead are those containing carbonic acid, 
earlK)nate of lime, and in a less degree, sulphate of lime ; and, ]>erhaps, in a 
still less degn‘e, magnesian salts, and the phosphates of the alkalies ;t but 
it liiis ])een sai<l tliat peidectlv pure water, contiiining no gas(*s, lias no action 
on lead. The dc|K)sit which frequently coats the h*utl, ecuisists of carbonate 
and sulphate of h‘ad, lime, and magnesia, if the wabT have contained these 
salts, and cldoridt*^ of lead and calcium. :j: 

3. From the observations of (Auham, Tlofinann, ami Milhu*, the protetivt* 
influence of carlionic acid gjis appears to lx* very givat ; a diffieultly soluble 
cai'honate of lead is formed. However, a very great (*xc(*ss of free carhonit* 
acid may dissolve this. I'his has perhaps led to the statement that carbonic 
ficid counteracts the preservative eflecis of the1<iilts.§ 

Other substaiuxis may find their way into water, which may act on lead — as 

• Mod lock attributes the fn'i'atest influence It) nitrite of aiiuntmia formed from organic matter ; 
nitrite of leatl is rapidly fornxsl, and carlsmate is tlien prrstueed ; the nitrtms add 1x*ing set 
lr«e to iM't on ant»Uu‘r portion ttf lead. The nitrile of ainfnoma exists in most distilled water. 

t lie])ort of the novernment romiiiisKion ISM. p. 7. 

t Laiuler UiidsaV, Action of Bartl Water on Ix'ad, ]». 7. 

§ Thert? is some tliscivjwiucj of opinion as to the action of ihe chlorides. 
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ratable and fatty acida, arising from fruits, vogetablos, &c., or sour milk or 
cider^ &a 

4. The lead itself is more easUy acted upon if other metals, as iron, zinc, or 
tin are in juxta-position ; galvanic action is produced. Bmiding lead pipes 
against the groin, and thus exposing the structure of the metal, also increases 
the risk of solution ; zinc pipes, into the composition of wliich lead often 
enters, yield leail in huge quantities to water, and this has hom especially 
the case with the distilled water on board ships. 

2. Amount of Dissolved Le^vd which will riiooucB Symiwhs of Poisoning. 

Dr Angus Smith refers to cases of lead ivandysis in which as little as y^T^th 
of a grain per gallon was in the water. Adtuns olsi) I'raiis. of the 
American Medical Society,’^ 1852, p. 163) speaks of y^yth of a gmin causing 
poisoning. Gndiam speaks of ^yth of a gmin jH^r gallon as being innocuous. 
Angus Smith says, that ^th of a grain |>or gidlon may affect some iMsrsons, 
while of a gmm per gallon may be required for others. But it is diffi- 
cult to piove it may not at some time have been more than tliis. Calvert 
found that water which had Ikhui decidedly injurious in Mtuicluister, coiitaine<l 
from ^th to ^u^ths of a gmin jhjt gallon. 

In the celebrated case of the jK>isoning of Louis Philippe’s family at 
Claremont, the amount of lead was ^^ths of a gmin per galhm ; this quantity 
affected 34 j)er cent, of those who dmnk the water. 

Tlie water of Edinburgh is said to contoiii only ^ of a gmin gallon, 
which is not hurtful.* 


3. Pkotection of Lead Picks. 

The chief moans which have boon pro|>o8ed arc^ : — 

(a.) Lining with tin. CfdvertV exi>erimentst show that extm tinned ami 
ordinary tinned kwl piping lx>th gave up load to the pure water now used at 
Manchester. 

(/;.) Fusible metal, viz., lead, bismuth, and tin. Tliis is certainly objection- 
able. 

(c.) Bituminous coating (M‘l)ougairs patent). Tliis is said to l>e effectual, 
but I am not aware of any exact cxjKjriments. 

(d) Various gums, resins, gutta pereha, anil india-nibl>er. These would 
probably be efficacious, but 1 am ignorant <»f any evidence to show how long 
they will adhere. 

(s.) Coating interior of pipes with sulphide fd' liiad by boiling the pipes in 
sulphide of soda for fifteen minutes. Tlie sulphide of soda may be made by 
boiling sulphur in liquor soda.*. (Schwartz’s patent.) 

(/) Bosin and grease with white lead (!) has Ixjen proposed, also rosin and 
arsenic. Both are most objectionable. 

(^.) Varnish of coal tar.| 

4. Substitutes for Lead Viveh. 

Cast-iron pipes can be used, and Mr Kawlinson informs me that he now 
orders no others. Copper tinned and block-tin are also used, and both are 
excellent, but are rather expensive. Gutta pereha and bitumini^d jiaper pipes 
have been proposed, but at present are not in much, if in any, use. 


* Chetulca] News, B<q)i«iul>ar 28, 1861. f Ibid, 

I Laudur Liadnay, Action of Hard Watvr» on U*ad jk 21. 
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Sub-Section V, — Search after Water. 

OccaBionally, a medical officer may be in a position in which he has to 
search for water. Few precise rules can bo laid down. 

On a plain, the depth at which water will be found will depend on the 
permeability of tlie soil, and the depth at which hard rock or clay will hold 
up water. The plain should be weU surveyed ; and if any part seems below 
the general level, a well should be sunk. The i)art most covered with herb- 
age is likely to have the water nearest the surface. On a dry sandy plain, 
morning mists or swarms of insects are said sometimes to mark watcjr below. 
Near the sea, water is generally foiuid ; even close to the sea it may be fresh, 
if a large body of fresh water flowing from higher ground holds back the salt 
water. But usually wells simk near the sea are brackish ; and it is necessary 
to sink stjveral, passing farther and farther inland, till the point is reached 
where the fresh water has the predominance. 

Among hills the search for waU^r is easier. The hills store up water, which 
runs off into plains at their feet. Wells should be sunk at the foot of hills, 
not on a spur, but, if jwssible, at the lowest j)oint ; and if there are any in- 
dications of a water-course, as near there as j)08sible. In the valleys among 
hills, the junction of two long valleys will, especially if there is any narrow- 
ing, generally give water. The outlet of the longest valleys should be chosen, 
and if there is any trace of the junction of two water-courses, the well should 
be sunk at their union. In a long valley with a contraction, water should be 
sought for on the mountain suh^ of the cjontraction. In digging at the side of 
a valley, the side ^^ith the liighest hills should lx? chosen. 

Before commencing to dig, the country should be as carefully looked over as 
time and opj:»ortunity pennit, and the dip of the strata made out, if j)os 8 ible. 
A little search will sometimes show which is the direction of fall from high 
grounds or a watcir-shed. 

If moist ground only is reach<*d, the insertion of a tub pierced with holes 
deep into the moist ground will sometimes cause a goo<i deal of water to be 
<’olle<^ted. 

SUB-ftECTlON VI. — SpfX'lAL CONSIDERATIONS ON THK SuPPLY OF 

Water to Soldiers. 

In barracks and hospitals, and in all usual stations, all that has to be done 
is to make |K*Tiodical examinations of the quantity and quality of tlie water, 
to iiis|>ect the cistenis, &c., and to consider fre<piontly if in any way wells or 
cistenia con have l>ocorae contamiuateiL As far as possible, a record should 
be kept at each station of the normal comiK)sition of the water. 

In transport ships, the water and the ctisks or tanks should always be ex- 
amined before going to sea. Alum, charcoal, and permanganate of potash 
diould be taken to sea* If the water turns out bml, it must not at once 
bo condemned ; by aeration, boUing, charring the casks, throwmg alum and 
charcoal into the water, what at first apptiartHl a very unpromising water, may 
he used. If it cannot >>e ustkl, or if the water fails, distillation can always be 
managed. If the water distils over acid, neutralise with carbonate of soda. 
If there is a little taste from organic matter, let it be exposed to the air for 
two or three days. 

During marches, each soldier carries a wate^bottle. He should be taught 
to refill it with good water whenever practicable ; a little flannel bag, into 
which diarcoal may be sewm, sliould be plac^ixl at the opening so as to straiu 
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tii© water. If the water is decidedly bad,,^ it should be boiled with tea, and 
the cold tea drnnk. Hio exliausted leaves, if well boiled in water, will give iip 
a little more tannin and colouring matter, and will have a good effect ; and if a 

soldier would do this after his evening meal, 
the water would bo rofidy for the next day’s 
march. Alum and charcoal should be used. 
Snudl charc'.ofd or sandstone filters, with elastic 
tubes (fig. 2) at the top, which draw water 
tlirough like siphouB, or through which watc^r 
can 1)0 sucked, are extremely useful, and arc 
now mu(di employed by officers. Tliey have 
been largidy us(*(l by the Fnmch soldiers in 
Algiers. Iluj Austrian soldiers were formerly 
HUpplitnl witli two boards pien*ed with holes, 
and with com])ivssiHl s]>onges beiwt^m them, 
and they poui'ed their water through this. 
They also used sandstone and pumice-stone.^. 

Soldiers should be taught that there is danger in drinking turbid water, 
as they will often do when they are ovei‘conie with thirst. Kot f>nly all 
sorts of suspendetl matters may be gulped down, but evt*u animals. On 
some occiisions, the FkuicIi army in Algiers 1ms suffered from the im.-ii swal- 
lowing small leeches, which brought on dangerous Ideeding. TIhj hjoches, 
which are so small a.s to look merely like small hits of v<‘getal>le matter, fix 
in the pharynx, the posterior narcs, A<‘,., more rarely In the larpix, causing 
re]>eated hjcmoptysis epistaxis or asphyxia. 




moi • tiii ft MTii iHi rrirwiiniiii iii< n 

Fig. 3. 



Fig. 6. Fig. a. 


If water-carts or water soci* are used, they should he regularly msp(4ck‘d ; 
every C4irt should have a straining filter of sand, through which the water 
should pass. The carts and skins should ho scnipulously clean. The waU^r- 
carriers, or hheestics, in India should 1)0 paraded every morning, and the 
sources of water inquired into. 
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When halting ground is reached, it may be necessary to filter the water. 
A common plan is to carry a cask, charred inside, and pierced with small 
holes at the bottom ; it is sunk in a small stream, and the water rises tlirough 
the holes. A lietter plan still is to have two casks, one inside the other ; the 
outer pierced with holes at the bottom, and the inner near the top ; the space 
between is filled with sand, gmvel, or cliarcoal, if procurable ; the water rises 
through the gravel ]»etween the barrels, and flows into the iniKir, In the 
Fitjnch anny it is or<lere<l* that, if other means cannot bo procured, fresh and 
inodorous straw be taken, and chopped fine and pressed at the bottom of a 
tub pierced with holes ; if iiossible, charcoal is to be intorcalahxl among the 
straw. Great care must be taken to have the stmw pure, and to change it 
often. Other simple plans are given in the drawings, wliich need little 
description. Figs. 3 and 4 8jM‘ak for themselvas. Fig. 5 is a baiTel connected 
by a ]>ipe with a su]^])ly above; the water rises thi*ougli sand and charcoal, 
an<l is drawn out above ; the barrel is fixed on a winch, and the su])ply 
pijMi Iming removed, and the hole closed, a few turns of the handle clear the 
sand. Fig. G is a simpler contrivance, which may Ije made of wood or tin. 

In the field, the medical officer may be sent on to give a rei)ort of the 
(quantity and (luiility of any source. lk?fore the troops arrive he should 
make his arningements for the diffi^rent ])laces of supply ; men and cattle 
should 1)0 watered at different points ; ])laces should b(^ assigned for washing ; 
and if removal of excTcia by wak^r be atkunpied, the excrt‘ta should flow in 
far below any possible spring ; in the case of a spring, several reservoirs of 
wood should bo nuide, and tin*, water allowed to flow from one to another — 
the liigbest for men, the second for cattle. If it is a running stream, localities 
shouJ(l be fixed for the spetdal purjK)8<»; that for the men’s drinking-wator 
should be liighest up the stream, for miimals bcdow, washing lowe^st ; sentries 
sliouhl be pltwjod as soon as |K)Ssible. The distribution of water sliould l)e 
r<?g»ilak‘d ; streams are soon siirnid up, jnade turbid, and the water becomes 
undiiiikable fl>r want, perhaps, of simple management. 

Wherever pimtieable, the reservoirs or cisterns which are made should be 
coven>d in ; even if it is merely the most flimsy covering, it is belter than 
notlung. 

In sieges, thf3 same general rules must be atUrndtsl to. The distribution of 
the water should be under th<f care, of a vigilant luetlical officer. Advantage 
sbouhl Ihj taken of t»V(‘ry rainfall ; fresh wells shouUl be dug early ; if 
necessary, distillation of brackish or sea water must be* had recourse to. 


SFXTION V. 

CONSEQUENCES OF AN INSUFFICIENT OR IMPURE SUPPLY 

OF WATER. 

Suiv-SucTioJt I. — Insufficient Supply. 

llie consi^qnencos either of a short supply of water for domestic purjioscs, 
or of difficulty in removing wak*r which luis been used, are very similar. On 
this point much valuable information was coll(M:’ted by the, Health of Towns 
Commission in their invaluable reports. t It was then shown tliat want of 


• (VkI© tliM# OfflcicTR de 8nnt4. Par Didiot. P. 516. 

t First and Second Reports (with evidence) of the Health of Towns Commission, 1844 and 1846. 
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waliQr leads to impurities of all kinds ; the person and clothes are not washed, 
or are washed repeatedly in the same water ; cooking water is used scantily, 
oar more than once ; habitations become dirty, streets are not cleaned, 
sewers become clogged ; and in these various ways a want of water produces 
uncleanliness of the very air itseE 

The result of such a state of things is a general lowered state of health 
among the population ; it has been thought also that some skin diseases — 
scabies, and the epiphytic affections especi^y, and ophthalmia in some — are 
tlius propagated It lias also appeared to me that the remarkable cessation 
of spott^ typhus among the civilised and cleanly nations is in part owing, 
not merely to better ventilation, but to more friKjuont and thorough washing 
of clothes. There is no doubt that the virus of this disease chiefly spreads 
by tlie cutaneous exhalation and cuticle, and is well known to adhere very 
strongly to clotlios. 

The deficiency of water leading to insufficient cleansing of sewers lias a 
great effect on the spread of typhoid, and of choleraic diarrhea ; and cases 
have been known in which outbreaks of the latter disease have been arrested 
by a heavy fall of roim 

Little is known with certainty of the effects produced on men by deficiency 
in the supply of water. Under ordinaiy circumstances, the sensation of 
thirst, the most delicate and imperative of all our feelings, never permits 
any great deficiency for a long time, and the w^ater-rtimoving organs 
eliminate with w^onderful rapidity any excpnss that may be taken, so as bi 
keep the amount in the li^y within cerbiin limits. But when circum- 
stances prevent the supply of water, it is well known that the wish to drink 
l)ecomes so great, that men w^iU run any danger, or undergo any })aiu, in order 
to satisfy it. The exact bodily conation ilius prrxluced is not precisely 
known, but from exjierimentH on animals and men, it would appear that a 
lesamed amount of w^ater in the body diminishes* the elimination of the 
pubnonaiy carlionic acid, the intc^stiiial excreta, and all tlie important urinary 
excreta. And it is probable, though not yet certain, that this arises from 
absolute lessoning of tissue metamorjdiosis. The precise alterations in nutri 
tion which ensue E the deficiency of w^ab?T continues, liave not yet been 
indicated, but it is well known that complete deprivation of water and food 
leads to a much more early death tlian abstinence from food alone. 

The more obvious effects produced on men who are deprivetl for some time 
of water is, besides the feeling of the most painful thirst, a great lowering of 
muscular strength and mental vigour. After a time, exertion becomes almost 
impossible, and it is wonderful to sec what an extraordinary change is pi*o 
ducod in an amazingly short time if water can be then procuitxl. llu; supply 
of water becomes, then, a matter of the most urgent necessity when men ar<' 
undergoing great muscular efforts, as it is al>solutely impossibh^ tliat tliesc^ 
efforts can be continued without it. If ^^o rtdlect on the imnumse loss of 
water by the skin and Imigs which attends any grmt physical exertion, yxv 
shall see that to make up for this loss is imperative ; and it is ver}^ imiK^rbwit 
tliat this Joss should be made up continually by snuill rpiantitios of water 
being constantly taken, and not by a largo amount at any one time. The 
restriction of water by trainers is l^don a misaiiprehonsif)!! ; a little water, 
and often, should be the rule. (Sec Exbucise.) 

In the ca8f3 of soldiers the oigamsation for tlui supply of water should Jkj 
twitter than it is. At present eveiy man carries a waterdxittle, holding alKUii 


* ©xperirnents of Fulok and f^riieffar on ntdmalfc, and of Moslor on men and wormm, an* 
here* TpforrH to. ^ 
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li to 2 pints; or in India, water-carriers (bheesties), with skins and water- 
carts, follow each regiment. In the French army ^o, water-carts are in 
waiting on each brig^e. Such plans answer perfectly when there is no pres- 
sure ; but the time when water is most needed is during rapid and prolonged 
* movements and in action, when water-carts are left behind, and when men 
too often empty their water-bottles, or throw them away, to lessen the weight 
they have to carry. It should be explained to the men that water will be 
more necessary for them tlian even food, and that the benefit of a supply of 
water will fiir more than compensate for the extra weight. The water-carts 
should be superseded for the time by water-skins borne by horses or mules, 
which can k<^p up with the men, and can, in action, pass from regiment to 
regiment, and fill up the men^s bottles. Whenever fresh ammunition is served 
out, a water-carrier should be in attendance, and fill up the bottles while the 
men receive their ammunition. 

Excess in the supply of drinking-water will l)e likely to occur only when 
it is used as a mode of treatment (as in the water-cure), or when thirst is the 
result of some tqiecial unknown conditions of the nervous system, leading te 
diabetes insipidus. In both cases there is incrotised elimination and aug- 
mented tissue metamori)ho8i8, and loss of flesh and strength, unless the appetite 
and the 8uj)ply of food increases in a corresponding degree.* 


Sub-Section II. — Impure Supply. 

At presemt, owing probably to the impossibility of making analyses of 
waters, the exact connection Ixitwcen imj)ure water and disease docs not stand 
on so precise an experimental basis as might Ixj wished. Tluire an*, some 
pcirsona who have denied that even considerable orgtmic or mineral impurity 
cjiu be proved te produce any ba<l effect ; while otliers have believtjcl that some 
minertil ingredients, such as the carlxmate of lime, are useful. One witer, 
indeed, has propo.s(ul to add carixmate of lime to water, in order to supply 
lime for lx>ntis ; and even so excellent a writer as Johnston has supposed tliat 
in Ireland the deficiency of lime stdis in the potato is supplied by the large 
amount of lime in the water which, in so many i>arts of the countiy, is derived 
from the inountaiii limestone. But as Boiissingault’s exjHjriments are not 
so scitisfjiciory as were formerly suj>jk)si*(1, it is imlikely that tliis suggestion 
will editain much lujaring, and the idea that the exclusive use of the poteto is 
rond<^n«l ] possible by the coinj>osition of the* water does not seem likely to 
find much favour. 

It may be true tliat water containing a large quantity of orgmhe matter, or 
much Hulj>hate of lime or magnesia, has IxHm used for long jx^riods without 
any ill effects. Tlie water of the Canal de TOureq, whicli contains much 
bicarl>onate of lime, *md some sulphate of lime and niagne.sm, was found l>y 
Parentrl)uch4telet to prcxluce no had effect, and Boiulet has lately asserted 
the some tiling. 

In some of these crises, liowcver, veiy little careful iiupiiry has Iwen mad<^ 
into the state of hitfilth of those using the water, and a general impression, 
without a (jart».ful collection of fmits, that most fallacious of tdl evidence, has 
often been the only ground on which the opinion has botm come to. As well 
oTiser^'ed hy Mr Simon, in one of his philosoplucal ltejM>rts,t we cannot 
exjxxjt to fin«l the efiect of impure water always smldeii and violent ; its results 

♦ The nf Hwker, Bt*ch<»r, Ovntb, lA*hnianii, j\a 

to. 

f SwmU Anntiftl R^^port to ttK* City of Lonfloa, p. 121. 
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are iadeed often gradual, and may elude ordinary observation, yet be not the 
less real and appreciable by a close inquiry. In fact, it is only when striking 
and violent ©tfecte are produced that public attention is arrested ; the minor 
and more insidious, but not less certain, evils are borne vdtli the indiiference 
and apathy of custom. In some coses it is by no means improbable that the 
use of the impure water, wliich is supjmsed to l>e innocuous, has been really 
restricted, or that expediences has shown the necessity of purification in some 
way. This much swms to bo certain, that as pn^dsi? investigjitions proceed, 
and, indeed, in ])ixiportion to the care of the iji(|uiry and the accunicy of the 
eliomical examination, a t'ontinually increasing chiss of (rases is foiuid to be 
connected with the use of impunr water, and it seems only retwonable t^o infer 
tliat a still more rigid intjuiiy wnll further prove tlur frequency and imimittuiet? 
of tliis mode of origin of some disojises. 

Animal organic matt(d, especially when of fiocal origin ; vegetable organic 
matter, lyhon derived from marshes ; and some salts, are tlnr principid noxious 
ingredients.* 

Of the various mineral itigredhrnts, the ItMwi liurtliil suhstancos appear to be, 
carbonate of soda and chloride of sodium, wlieri nut ])reseni in too gnat 
quantity. Carbonate of lime, when not (»x('eeding 12 lb gmins per gallon, 
is not usually considered unwholesome, though it remains to be seen whei]i(»r 
a more careful inquiry wrill not indicate some efh‘(‘i on digttslion or Jissimilu 
lion to be produced by the constant use ol‘ such a water. 

Tlie siilts usually coasidered hurtful, <‘X(.‘ept when in V(*ry small (iuaiitity, 
are sulphates of linn? and magiiesui, chlorides id* caleium and magnesium, 
niii*ates and nitrites, and butymte of lime. 

The most practical way of treating this subject at pn\sent seems to be to 
cmimemto the diseases wliich have, on good (*vidt*n('e, funni attributed iin 
pure water, and to select one or two examj>l(\s of* eutdi case, lint ! have 
rc^stricted myself entirely to drinking- wak^r, and leave on one side, Jis too 
uncertain for present discussion, the effect of impure water b(*ing \ised in the 
making of bi’cad, the brewing of beer, or the ]»repamiiou of other articles of 
food. 


1 . AFFECTIONS OF TlfE .VLIMENTAEV MUCOUS MEMBRANE. 

It is Toasonable to suppose that the impurities of water ’would bi3 likely io 
|)rodu(Mj their greatest effeet upon tlie membmne with wliich they come iirst 
in conta(.*t. This is in fact found to Ik*, tlie case. 

(a.) 8}nuptoms which may Ihj n5ferred to th(i convenient term dysp(‘psia, 
and which consist in some loss of appetik, vagm^, unea-^iness or actual pain at 
the epigfistrium, and slight naus(ia and constipation, with occasional diarrluea, 
are caused by water containing any quantity of sulphate of lime, chloride ol' 
calcium, and the magnesian salts. J )r .Siith(*rlarid found the hard water of 
the reii sandstone rocks, which vrere formerly much us(;d in Liverpool, to 
liave had a decided effect in producing consti^Mition, lessening tin* si‘cretions, 
and causing visceral obstruetions ; and iii Glasgow, the substitutmn of soft 
for hard water lessened, according to Dr Leeoh, the pivvalenc(* of dysjKq>ti (5 
complaints. It is a well-known fact that giooms object to giving hard water 
to their homes, on the ground that it makes the coat staring and rough — a 
result w'hich has lieen attributed to some ilerjingfumuit of digestion. The 
exact amount wliich will produce th(?mj symphims has not Ixjeii dekr- 

* The quAiitities of those siilwstaiicee which ehould not be exceeded in good drinkiug- water 
liare been already given, as far as they can be stated at present. 
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minedf but water containing more than 8 grains of each substance 
individually or collectively appears to be injurious to many persons. 
This would correspond to about 10 degrees of permanent hardness. A 
much less degree tlian this will aifect some persons. In a welhwater at 
Chatham, which was found to disagree with so many persons that no one 
would use the water, the main ingi^edients were 19 grains of carbonate of lime, 
11 grains of sulphate of lime, and 13 grains of chloride of sodium per gallon. 
The total solids were 50 grains per gallon. In another case of the same kind, 
the total solids were 58 grains per gallon ; the carbonate of lime was 22 ; the 
sulphate of lime 11, and the cMoride of sodium 14 grains jjer gallon. 

Organic matter produces no symptoms of this kind. 

Iron, in quantities sufficient to give a slight chalybeate taste, often produces 
slight dyspepsia, headache, and general malaire. Custom seems to partly 
remove these effects. 

Diarrhoea has been known to be pro<luced by many conditions, 

(a, ) Smpended Mineral BulMance^f, — ^Clay , marl — as in the cases of the water 
oT the Mississippi, the Missouri, Rio Grande, Kansas,* of the Ganges, and 
many (dher rivers, which at certtiin times of the year produce diarrhoea, 
especially in persons unaccustomed to the water. Hammond states that the 
diarrhoea sometimes ends in ulceration. 

(5.) Suepended Animal^ and e^jmcially Fmcal Maliere^ have produced 
diarrheea in many Ciises ; such water always contains dissolved organic mat- 
ters, to which the effect may ho ])artly owing. Il\e case of Croydon in 1854 
(Carj^nter) is one of the most striking on reeorcL In cases in which the 
water is largely contaminated with sewage, it is important to obser\’e that the 
symptoms are often markedly choleraic (puiging, vomiting, cramps, and 
even some loss of heat). Ibis point has lK?en lately again noticed by 
Oldekop of Astrachan,t who found stmug choleraic symptoms to be produced 
by the water of the Volga, which is impregnated wdih sewage. 

Suspended animal and vegetable sul^stances, washed off the ground by 
heavy rain into shallow wells, ofUm produce tliarrhoea, as at Prague in 1860, 
when an endemic of “ catarrh of the alimentary canal” was produced by 
heavy floofls washing impurities into the wells. J 

(c.) Suspended Vegetable Substances, — In this coimtry, and also in the pre- 
sent American war, several instances have occurred of diarrhoea arising ^m 
the urn of surface and ditch water, which ceased when wells were simk ; pos- 
sibly there might be also animal contamination. It is not, therefore, quite cer- 
tain that suspended vegetable matter was the rem rowsa. 

(of.) Dmolved Aninml Oryanie Matter. — ^The opinion is very wddely diffused 
that dissolved and putrescent animal organic matter to the amount of 3 to 10 
grains per gallon will pn>duco diarrhewv This is no doubt correct, but two 
points must l>e conceded — Is/, Tliat there are usually other impurities which 
aid the action of the organic matter ; an<l 2d, That organic matter, even to 
the amount of 10 to 15 grains gallon, may exist without bad effects. In 
the latter case the water is, however, alwajns clear and sparkling, never tainted 
or discoloured, and it may be perhajm inferred that such organic matter is not 
undergoing those rapid fermentative or putrefactive changes urhich appear to 
be so |>emicious. The frequent presence of other impurities render it difficult 
to assign its exact influence to dissolved oi^nic matters ; for example, in the 
shallow well waters of London, many of which are very unwholesome (Letheby), 
there are other impurities besides oigaffic matter. 


• Hammond’s Hyiriene, p. 218. t Virchow’s Arcbir. band xxvi, p. 117. 

t Canstatt’s Jahmb, 1862, vol. 11. p. 81. 
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Ill the case of a well ventilated court in Coventiy,^ where diarrhoea was 
eonstantlj present, the water contained 5*68 grams per gallon of volatile and 
eombustihle matter, but then it contained «dso no less than 105 grains of 
fixed salts, which, as the water had a permanent hardness of 61®*6 (Clark's 
scale) after boiling, must have consisted of sulphates and chlorides of calciiun 
and magnesium. It also contained alkalme salts, nitrates, and ammonia. The 
composition was therefore so complex that it is difiicult to assign its shares to 
the organic matter. 

The animal organic matter derived from graveyards appears to be especiaUy 
hurtful ; here there are also often nitrites of ammonia and lime also present. 

(c.) Dmolved Vegeidble JIfaffcr,— Tliere is no evidence at present to show 
that this produces diarrhoea. 

(/,) Fmtid Oases , — ^Water containing much sulphuretted hydrogen will 
give rise to diarrhoea, especially if organic matter be also present. In the late 
Mexican War (1861-62), the French troops suffered at Orizaba from a pecu- 
liar dyspepsia and diarrhoea, attended with immense disengagement of gas 
and enormous eructations after meals. The eructed gas had a strong smdl 
of sulphuretted hydrogemi* This was traced to the us© of water fixim sul- 
phurous and alkjdine springs ; even tlie best waters of Orizaba contained 
organic matter and ammonia in some quantity. 

The absorption of sewer gases, as when the overflow-pipe of a cistern opens 
into the sewers, will cause ^arrhoea. This seems perfectly proved by the case 
recorded by Dr Greenhow, in Mr Simon's second rei>ori4 Ike conditions 
of an exact experiment seem to have 1>oen hero fulfilled. In the jail at Sal- 
ford, two bodies of men, %tz., the prisoners, 466 in numl)er, and the officers 
and members of their families, 53 in numl)er, were distributed throughout 
the jail, and were under the same conditions of W'etither, lodging, &c, Yet, 
of the former, 266, or 57 j>er cent, w'ere attacked with sudden di^hcea, of a 
choleraic type, while, of the latter body, not one was attacked, although, had 
the proportion been tlie same, 30 should have been taken ilL As the attack 
was remarkably sudden and evanescent, it was a case of poisoning of some 
kind. The cause was not in the air, for both classes were on a |)ar in that 
respect ; the food of the prisoners was examined, and was found to be good ; 
the only other probable channel of the poisonous agent was the drinking 
water. It was discovered that, while the water was derived from the same 
source, the officers used the water of one cistern, and tlie prisoner's food was 
cooked with the water of another covered cistern, the untrapped overflow 
pipe of which communicated with a common sewer. On the day of the out- 
break, this water was noticed to be less light, to have a yellow colour, and a 
somewhat impleasant taste. Although the water was not further examined, 
there can be no doubt it was the cause of the attack, which ceased almost as 
rapidly as it commenced, on the cistern being emptied, and the pipe trapped.§ 
There seems no point of evidence wanting here, either positive or negative, to 


♦ Greenhow, in Second Bei>ort of the Medico! Officer of the Privy Council, 1860, p, 76. 
t Pofneet, in Bee. de Mem. de Med. Mil. 1868, p. 218. The exact worda ore ** une odenr 
d*acid oolfurique,’' but sulfhy<lrique'* must be meant. 
t Second Keport of the Medical Officer of the Privy Council. Pari. Pai>er, 1860, p. 168. 

I The perioa of the incubation, so to speak, of tbe attack of diarrhcea is well snown in this 
case. Granting that the cause was only acting on tlie day of the outbreak, the following num- 
bers come out ‘.—Out of 100 sick 


78*68 per cent, fell tick within 24 hours. 

21*02 „ „ in the second 24 hours. 

I Si „ „ „ fourth „ 

n >f ** M 

The rapidity with which this cause of disease always seems to act is very remartuibte. 
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fix ili6 catise in the water, and that the impurity of the water was from the 
sewer gases, is really as certain. 

(g.) Dissolved Mineral Matters^ if passing a certain point, produce diarrhoea. 
Bou^ refers to an outhreak of diarrhoea at Oran, in Algiers, which was dis- 
tinctly traced to bad water, and ceased on the cause bring removed ; the com- 
position of the water is not explicitly given, but it contained lime, magnesia, 
and carbonate of soda. Sulphates of lime and magnesia also cause diarrhoea, 
following sometimes constipation. The selenitic well waters of Paris used to 
have this effect on strangers. Parent Duchatelet* noticed the constant 
excess of patients fbmish^ by the prison of St Lazare, in consequence of 
diarrhosa, and he traced this to the water, which “ contained a veiy large pro- 
portion of sulphate of lime and other purgative salts ; ” and he tolls us that 
l^el had noticed the same fact twenty years before in a particular section of 
the Salp^tri^re. In some of the West Indian stations, the water drawn from 
the calcareous (so-called Parian) formation has been long abandoned, in con- 
sequence of the tendency to diarrhoea which it caused. 

Kitiate of lime waters also produces diarrhoea, A case is on record, in 
which a well water was obliged to be disused, in consequence of its impregnar 
tion with butyrate of lime (105 grains per gallon), which was derived from a 
trench filled with decomposing animal and vegetable matters. Both men and 
beasts were affected with diarrhoea from its U8e.t 

Brackisli water (whether rendered so by the sea, or derived from loose 
sands) produces diarrhoea in a large percentage of persons, and at some of the 
JOapo frontier stations water of this kind formerly caused much disease of this 
kind. In a water I examined, which became brackish from sea water, and which 
produced diarrhcea in almost all persons, I found the amount of chloride of 
sodium to he 253 ^ins per gallon. But, doubtless, a much less quantity 
than this, especially if chloride of magnesium be present, will act in this way. 

(h.) Metallic Jmpregmiim . — Occasionally animal organic matter acts in an 
indirect way, by producing nitrites and nitrates, which act on metals. 

Dr Banieker,} a physician in Witten, was called to some cases of sickness 
produced, apparently, by water. On examining the point, he found the 
water was drawn fi’om a pump with a copper cylinder, and it was after it had 
stood for some time in the pump that it was hurtful. Greens boiled in this 
water acquired a beautiful green colour. 

The water was found to contain a considerable quantity of copper, which 
seemed to be in combination with some organic matter, and the solution -was 
aided by the large amount of nitrates which are produced by passage of ex- 
creta into the water, and subsequent oxidation. 

Lerid (as might have been anticipated) was also largely present in this 
water, when Ic^en pumps wore us^ ; iron, on the oontiary, was not dis- 
solved 

Dysentery , — Dysentery also is decidedly produced by impure water, and this 
cause ranks high in the etiology of dysentery, though perhaps it is not the 
first. 

Several of the older army-surgeons refer to this cause. Pringle does so 
several times, and Donald Monro, in tlie Camjrrflgns irf Flanders and Germany. 
In the West Indies, Lempriere,§ in 1799, noticed the increase of bowel com- 
plaints m Jamaica in May, when, after floods, the water was bad and turbid, 
** and loaded with dirt and filth,^ He also mentions, that at Kingston and 
Port Boyal, the dysentery was owing to brackish water. It was not, bow- 


♦ PubUoue, t, i. p. 286. t Xeitschrift fllr Hygiene, vol L p. 166, 

t Peppealieiiiie beft iv. p. 49. $ i. p. 25. 
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ever^ for many years after this that ftesh sources of water were sought for in 
the West Indies, and that rain water began to be used when good spring or 
river water could not be got. 

Davis* mentions as a curious fact, in reference to the West Indies, that 
ships* crews, when ordered to Tortola, were ** invariiibly seised with fluxes,** 
which were caused by the water. But the inhabitants who used timk (Le, 
rain) water were tree ; and so well known was this, that when any resident at 
Tortola was invited to dinner on boartl a man-of-war, it was no unusual thing 
for him to carry his drinking-water with him. 

The dysentery at Walcheren, in 1809, was in no small degree owing to the 
bad water, which was almost everywhere brackish. 

The epidemic at Guadaloupe in 1847, recorded by (/omuel, seems also quite 
conclusive as to the effect of impure water in causing, not merely isokted 
cases, but a vridespreatl outbrBak.t 

In 1860, at Prague, there were many cases of dysentery, clearly traced to 
the use of water of wells and springs rendered foul by substances washed into 
the water by heavy floods. Exact analyses were not made. 

On the West Coast of Africa (Cajie Coast Cfistle), an attack of dysentery 
was traced by Assistant-Surgeon Oakes to the passage of sewage from a cess- 
pool into one of the tanks. “This was remedied, and the result was the 
almost total disappearance of the disease.** 

That in the East Indies a great deal of dysentery has been produced by 
impure water, is a matter too familiar almost to l>e mentioned. Its constant 
prevalence at Secunderabad, in the Deccan, appears to have been partly owing 
to the water w^hich jKjrcolated through a largi» graveyard. One of the 
sources of w’ater contained 119 grains of solids jKjr gallon, and, in some in- 
stances, there were 8, 11, and even 30 grains per gallon of organic matter. 
{Indian Report, p. 44.) 

The great eflect produced by the impure water of Calcutta in this way has 
l>een lately pointed out by Chevers. {Indian Annahty No. 17, p. 70, 1864.) 

In time of war this cause has often been present, and the great loss by 
dysentery in the Peninsula, at Ciudad Bodrigo, was jmrtly attributed by Sir 
J. MKlrigor to the use of water passing through a cemet<;ry where nearly 
20,000 b^ies had l)een hastily interrerl. 

The impurities which thus produce dysentery appear to be of the same kind 
as those which clause the allied condition, diarrhtea. Susj)ended earthy 
matters, suspended animal organic matter, sulphates and chloride of lime and 
ma^esium, nitrates of lime and ammonia, large quantities of chloride of 
sodium and magnesium in solution, appear to l>e the usual ingredients ; but 
there are few perfect analyses yet known. 

The observations which prove so satisfactorily tliat the dysenteric stools can 
propagate the disease, make it probable tliai, as in the case of typhoid fever 
and cholera, the accidental passage of dysenteric evacuations into drinking- 
water may have some share in spreading the disease. 


2. APPECfTION OP OTHER MUCOUS HEMURAKF^ RESIDES THE AtlMEKTARY. 

Little has yet been done to trace out this point. At Prague, after Uie 
severe flood of 1860, bronchial catarrh was fre<iuent, probably caused chiefly 
by the chdls arising from the great evaporation ; but it was noticed that 


• On th« Walcheren Fever, p. 10. 

+ 8*e a review by the author on Djnenterjr, in the Brituh and Foreign Medical find Chlr- 
nigicfd Eeview for l8«, for fuller deUlle of this eirfdimic. gu «« ana vuir 
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bronchial catarrh was most common when the drinking-water was foulest and 
produced dysentery. Possibly the bronchial and the urinary mucous mem- 
branes may also suffer from foul water; the point is well worthy of close 
investigation. 

3. SPEOIFIC niBEASEB. 

That some of the specific diseases are disseminated by drinking water is a 
fact which has only attracted its due share of attention of late years. It is 
certainly one of the most important stops in Etiology which has been made in 
this century. 

Malarious Fetters , — Hippocrates states that the spleens of those who drink 
the water of marshes become enlarged and hard ; and Eliazes not only asserted 
this, but affirmed that it general^ fevers. Little attention seems to have 
been paid to this remark, and in modem times the opinions of Lancisi, tlmt 
the air of marshes is the sole cause of intermittents, lias been so generally 
adopted, that the possibility of the introduction of the cause by means of 
water, as well as air, was neglected. Still it lias been a very general belief 
among the inhabitants of marshy countries, tliat the water could produce 
fever. Henry Marsliall* says that the Singhalese attribute fevers to impure 
water, “ especially if elephants or Iniffalues have been washing in it,” and it 
is to he presumed that he referred to periodical fevers. On making some 
inquiries of the inhabitants of the highly malarious plains of Troy during the 
Crimean war, I found the villagers universally stated, that those who drank 
marsh water had fever at all times of the ye>ar, while those who drank pure 
water only got ague during the late summer and autumnal months. The same 
belief is prevalent in the south of India, and in Western Candeish, Canara, Iklsr 
ghut and Mysore, to the deadly Wynaad district, it is siateti by Mr Bettiiigton 
of the Madras ('ivil Service, that it is notorious that the water produces 
fever and affoctions of the spleen.” llio Essay by this gentlemant gives, 
indeed, some extremely strong evidence on this jwint. He refers to villages 
placed under the same conditions as to marsh air, but in some of which fevers 
are prevalent ; in othera not ; the only dilference is, that the latter are supplied 
with pure, the former with marsh or nullah, water full of vegetable debris. 
In one village there are two sources of supply, — a tank fed by surface and 
marsh water and a spring ; those only who ilrink the tank water get fever. 
In a village (Tulliwai’ee) no one used to eacape the fever ; Mr Bettin^n dug 
a well, the fever disapjicared, and, in the last fourteen years, has not returned. 

Another village (Tamhatz), was also “notoriously uuliealthy,” a well was dug, 
and the inhabitants iKwjame healthy. ISothing can well l>e stronger than the 
positive and negative evidence brought forward in tliis paja*r ; and Mr I^tting- 
ton seems quite justified in asserting, that as the malaria, however deadly, is 
only in action for a short period, the health of the people is far more affected 
by the water they drink tlian by the air they breathe. 

In the “I^andes” (of south-west France), the water from the extensive 
sandy plain contains much vegetable matter, which it obtains from the vege- 
table deposit, which binds together the siliceous particles of the subsoiL It 
has a marshy simdl, and, according to FaunS, produces intermittents and vis- 
ceral engorgements. 

The same fects have been noticed in this country. Twenty years ago Mr 
Blower of Bedford mentioned a case in which the ague of a village had been 
much lessened by digging wells, and he refers to an instance in which, in the 
parish of Houghton, lumost the only family which escaped ague at one time 


Topography of Ceylon, p. 62 . 


t ludisn Aniuda, 1866, p. 626. 
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was that of a fimaav who Uttod well water, while all the other persons drank 
ditch water.* 

At Sheemess the use of the ditch water, which is highly impure witli 
Tegetable debris has been also, with great pro^bility, consider^ to be one of 
the chief causes of the extraordinary insalubrity.f 

At Versailles a sudden attack of ague in a regiment of cavalry was traced 
to the use of surface water taken hrom a marshy district J 

The case of the Argo, recorded by Boudm§ is an extremely strong one. In 
1834, 800 soldiers in good health embarked in tliree vessels to pass from 
Bona in Algiers to Marseilles. They all arrived at Marseilles the same day. 
In two vessels tliere were 680 men without a single sick man. In the third 
vessel, the Argo, there had been 120 men ; thirteen died during the short 
passage (time not given), and of the 107 survivors no loss than 08 were dis- 
embarked with all forms of paludal fevers, and os Boudin himself saw the 
men, there was no doubt of the diagnosis. The crew of the Argo had not a 
single sick man. 

All the soldiers had been exposed to the same influences of atmosphere 
before embarkation. The crew and the soldiers of the Argo were ex|x>sed to 
the same atmospheric condition during the voyage ; the influence of air seems 
therefore excluded. There is no notice of the food, but the production of 
malarious fever from food has never been suggested. The water was, how- 
ever, different — ^in the two healthy ships the water was good The soldiers 
on board the Argo had been supplied with water from a marsh, which had a 
disagreeable taste and odour ; the crew of the Argo had pure w'ater. The 
evidence seems here as nearly complete as could be wished. 

One very important circumstance is the rapidity of development of the 
malarious disease and its fatality. It is the same thing as in the case of 
diarrhoea and dysentery. Either the febrile amse must be in larger quantity 
in the water, or, what is more probable, must be more readily taken up into 
the circulation and carrietl to the spleen, than when the cause enters by the 
lunga 

In opposition, however, to all these statements must be placed a remark of 
Finke’s,!! that in Hungary and Holland marsh water is dtiily taken without 
injury. But in Hungaiy, Dr Grosz states that, to avoid the injurious effects 
of the marsh water, it is customary to mix brandy with it, ** a custom wliich 
favours h 3 rpertTophios of the inner organs.^ 

typlwid Fever, — ^The belief that ty]>hoid fever can spread by means of 
water as well as air appears to be quite of modem origin, though some epide- 
mics, such as the “ Schlcim-fieber” of Gdttingen in 1760, were attributed in 
part to the use of impure water. In 1822, Walz {dflrmcd that an outbreak 
of ‘‘ typhus” (typhoid) at Saarlouis, in Rhenish Prussia, was caused by impure 
water ; and in 1843, Muller discovered that 129 cases of typhus abdomiiialis 
(typhoid), and 21 deatlis which occurred in the garrison at Mayence, were 
produced by fiecal matter passing into the drinking water, which had a dis- 
agreeable putrid smell. In 1848, E. A W. Kichtcr published an account of 
an outbreak of the same kind which occurred in a school at Vienna, from the 


Snow ** On tbs Mode of ComTnunicatioii of Cholera.** 2d edit. 1855, p. 190. 
t it not possible that the great decline of aguee in England is {^ly atte to a piim drink- 


1 Orainger^s Beport on Cholem. Appendix (B), page 25 ; foot-note. 

$ Traits de Geo^phieet de Statiettqne M4diciuee7i857, t. i. p. 142. 
Jj O^rle^ Hando. der Hygiene. 2d edit, 1857, p. 122 ; foot-note. 
% Quoted^ Wtttjcer Reise in den Orient Europe*, i>and i. p. lOl. 
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contents of a sewer passmg into ihe drinking water/ In 1852, Dr Austin 
flintt published tlie particulars of a single outbreak of typhoid fever at the 
hamlet of North Boston (Erie, U.8.) in 1843. In this case the disease was 
clearly introduced into a perfectly healthy village by a strange who arrived 
ill at an inn, and there died on the l^h October, A very large proportion 
(28 out of 43 persons, forming 10 &milies) of the inhabitants became very 
rapidly affected with typhoid fever, and all those attacked used the water of 
the mn well Ihroe families only out of the ten in the village entirely 
escaped. Two lived at a distance, and had their water liom other sources ; 
and the other, who lived close to the inn, was at feud with the innkeeper, and 
had his own well So strongly did the belief that the well water of the inn 
caused the disease to take root in the little community, that the man who, 
living close to the inn, yet escaped, was accused of poisoning the inn water, 
and an action for slander was obliged to be brought by him. On subsequent 
analysis the water was found to be quite pure, but t^ appears to have been 
sometime after the severity of the outbreak. The dates of attack of 15 
cases are known : 6 occurred between the 14th and 20th of October; 6 
between the 20th and 30th ; and 3 between the Ist and 8th of November. 
The rapidity with which the disease spread, and its extent (65 per cent, of 
the jX)pulation being affected) is not like the ordinary rather slow propagation 
of typhoid through the air. Certainly, although the evidence is not perfect, 
it seems extremely probable that the w^ell water of the inn was the main 
medium of the dissemination. 

In 1852-63, a severe outbreak of typhoid fever took place at Croydon, and 
was thoroughly investigated by many competent observers ; and it was shown 
by Mr Carpenter of Croydon, that it was partly, at any rate, spread by the 
pollution of the drinking water by the contents rf cesspools. 

In 1856, Dr Kouthj: published a case in which the evacuations of a typhoid 
patient were thrown into a closet, the pijie of which passed directly into the 
cistern of the drinking water, in a well-ventilated house at Hastings. No less 
than eight persons w^ere affected wdth more or less typhoidal symptoms ; many 
of these had not been brought into any personal contact with the sick person. 

In 1859, Dr. W. Budd§ published two very conclusive cases, in wliichwell 
w^ater was contaminated by sewage. 

There is no satisfactory evidence tliat ty^>hoid stools had been in the sewage 
matter, but their presence is not excluded. I learn, from i)er8onal communi- 
cation with Dr. Budd, that he has long been convinced of the occmiandl 
propagation of typhoid fever in this way. 

In 1860, an outbreak of typhoid fever occurred at the Convent of Sisters of 
("harity at Munich. 31 persons out of 120, were atbicked betw-ecn the 15th 
September and the 4th of October, with severe illness, and 14 of these 
cases were true typhoid ; 4 dictl The cause was traoeil to a well impregnated 
with much oiganic matter, and containing nitrates and lime. On the cessation 
of the use of this water, the fever ceased. || 

The propagation of typhoid fever in Bodfortl, would certainly appear, from 
Mr Simon's report,^ to have been partly through the medixun of rim water. 


All these ceees m related by Kteoke in hie excellent work ** Der Kriegs-imd Friedena 
Typhne." Konlhauaen, 1850, pp. 44-^ 

Clinical Reporte on Continued Fever. By AuRtin Flint, M.D. Buffalo, 1862, p 880, 
Faecal Fonnentatiou as a Cause of Disease. Paiuphlct, lioiid. 1866, p. 84. 

Uncet, Oct. 29. 1869, p. 482. 

EdinWrgh Medical Journal, dan. 1862, p. 1153. 

' Hilnl }£»|Kirt of the Medical Officer of tie Privy CMuncii, 1860, 
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Dr* Sdunit^ has for several years paid ‘particular attention to this point, 
and in 1861 published the following cases : — 

In Colmar in Berg, an attack of adynamic ataxic febrile disease, diagnosed 
as typhoid, occurred in 105 persons, and 12 died, 
l^e course was that of abdominal typhus. 

The disease commenced in a house where the sewage matter flowed on to a 
dung«heap, and then into the well ; the water smelt badly, and sewage was 
seen in it. It was certain that the disease commenced in and spread fl*om 
that house j all attacked belonged to, or had nursed, or in some way attended 
in the house. 

In 1844, a family of 6 persons, at Ettelbruch, all fell ill nearly at the same 
time with typhoid. A month before, the next-door neighlxiur had made his 
cesspool deej>er, and since then, faeces had passed fi*om the cesspool into the 
well of the next house, and corrupted the water, 

In 1855, the sister and the maid of a minister were simulbineously attacked 
with t 3 rphoid. The water of the well had a bad taste and smell, and Schmit 
found that the dirty water of the kitchen passcni into the well. The minister 
who had drunk very little water, but took wine, ew^apecL 

In March 1855, in Bomtscheid, 5 persons fell ill of typhoid ; the well had 
become contaminated witii sewage. 

In May 1856, nearly all the inmates, 10 in numlw^r, in the house of Herr 
G. at Burdeu, fell ill of very severe typhoid. Here the water had become 
contaminated with all sorts oif substances thrown fmm the kitchen into the 
swine’s trough, and which were decomposing in many (uises. 

In a house m Ettellruch, in 185.5, 1850, and 1850, cases of typhoid fever 
occurred. Here sewage had found its way inb) the well. 

Among a ]3ody of workiilfen in Ettellmch, typhoid prevailed in 1854 and 
1856. Here also the sewage matbir had passed into tlie drinking water, and 
when this was remedied, the typlioid fever diHa})penred. 

In 1857, almost siinidbineously, the entin) household of H. G. fell ill of 
t}73hoid. IL G. wjis the only [>erson who esca})ed ; and ho drank wine, and 
no water. Sewage matter liad penetrated into the drinking wabu*. 

In several of these cases the disease was confined b> a single house, and the 
greater numl)er of persons in the house wei-e afl’ected Nothing is said about 
the incubative period. 

A case l>earing on the same point was brought Iwforo the Metropolitan 
Officers of Health in 18(52,t by Mr Wilkinson of Sydenham. In this case 
the water was contaminated by al)soq)tion of sewer gases. 

That water may the meilium of proj^mgating typhoid, thus seems to be 
proved by tolerably fair evidence ; and it has l>een admitted by men who hod 
paid special attention to this subject, as Jennor, W. Budd, and Simon. It 
does not seem unlikely, indeed, tliat this mode of spreading will l>e found to 
be i&r more common than is supposed. 

Two questions arise in connection with this subject — 

1. As typhoid fever undoubtedly spreads also through the air, What is the 
proportion of cases disseminated by water, as compared with those dissemi* 
nat^ by airt No answer can yet be given b) this question. Dr W, Budd 
is inclined to think that the coses of water projiagatiou are numerically snudL 
There is one point of some interest. When Uie dab^s of attacks are given, 
it is curious to observe how sliort the inculiative period apj)ears to bo, while 


a. de Med. de BrtixeUeii, S«pt. 1861 ; and Caiwitatt> Jahreab. for 1861, band iv. p. 
J Britinh Medical Jenmiil, March 1, 1862. 
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it is probable that it takes many days (8 to 14) after the typhoid poison has 
entered with the air before the early malaise comes on ; in some of the cases of 
typhoid brought on by water, two or three days only elapse before the symptoms 
are marked.* * * § In the one case, it may be readily supposed that the poisoning 
' substance, entering with the air into the mouth, and being then swallowed, 
is in much smaller quantity than when taken in the drinking water, and its 
effect on the intesti^ membrane is slow in proportion. 

A very large proportion also of the susceptible persons who drink the water 
is affected. 

2, Will decomposing sewage in water produce typhoid fever, or must the 
evacuations of a typhoid patient pass ini This is part of the larger question 
of the origin and propagation of specific poisons. It is certainly remarkable, 
in the range of cases recorded by iSchmit, how uniformly the possibility of 
the passage of tyy)hoid stools is disregarded. Everything is attributed to 
feecal matters merely. But this may have been an oversight. The opinion 
tliat the stools of typhoid are the especial carriers of the poison was first, I 
l)elieve, explicitly stated by (Jan8tatt,t and has been also ably argued by W. 
Budd. Wliether or not tlie special putrefactive change going on in these 
evacuations can be cominimicated to other organic matter out of the body, is 
not certain ; but it is probable that in the body it must meet with a fit nidus, 
such as the Peyerian glands of a young person, before it can act 

Cholera , — None of the earlier investigators of cholera appear to have 
imagined that the specific poison ever found entrance by the means of 
drinking water. The only intimation of the kind 1 have ever seen is in a 
remark by Dr MiiUer.J 

In 1849, the late Dr Snow, in investigating some circumscribed outbreaks 
of cholera in Horsley down, Wandsworth, and otHcr places, came to the con- 
clusion that, in these instances, the disease arose from cholera evacuations 
finding their way into the drinking "ivak^r. Judging from tlie light of subse- 
quent experience, it now stieins extremely prolxible that this was the case, but 
certainly, at first, the evidence w^as very defective.§ Gradually, how^ever, 
fresh instances were colliHited, and in 1854 occurred the celebrated instance 
of the Broad Street pump in Dmdon, w'hich w^tvs investigated by a com- 
mittee, whose report, drawn up by Mr John Marshall, of University College, 


* Dr W. Budd sayi in a letter to me—** In the caaea in wliich the poinon ia conveyed by 
water, infection aeeroe to be much more certain ; and 1 have reason to think that the iieViod of 
incubation is materially shortened. An illustration of this seems to l>e furnished by the me- 
tnorable outhnmk wlticii occurred at Cowhridge some years ago, and which presented this unex- 
ampled fact ; that out of some 90 or 100 ])ersons who went to a race ball at the principal inn 
there, more than were within a short time laid u]> with the fever. In tliis case, there 
was satisfactory reason to think that the water was contaminated, though there was no chemical 
examination/* 

t ** Wahrscheinlich sind die Exhalatiouen dcs Kraiikes, stunc Excrementc, Pielleieht die 
dielVagerdesContagiums."— Canstatt, Spec. Path, und Ther, 
2d edit, hand li. p. 572(1847). ^ 

X Einige Bemerkungeu iiber die Asiat. Cholera, Hanni>x*er, 1848, p. 36. 

§ There seemed at once an a nrion' aigument adverse to this view, os, at that time, all evi- 
dence was against the idea of cbmera evacuations Iwing capable of causing the disease. They 
had been tasted and drank (in 1882) by men, and been given to animals, without effect. 
Per^ns inoculated themselves in disae^ions constantly, and luithed their bauds in the fluids of 
the intestines ; in India, the pariahs who remove excreta, and everywhere the washerwomen 
who washed the clothes of tJio sick, did not especially suffer. And to these aiwuments must be 
added the undoubted fact, that there were serious deflcienciea of evidence in Dr Snow’s early 
cases. (See review by the author in the ** Britlab and Foreign Medical Oiiruiigical Keview,” April 

1865.) Add to this the unfortunate circumstance, that Dr Snow, with all the enthusiasm of 
a discoverer, adopted the view that cholera entered only by means of water, and not at all by 
air, an bypotberis which is quite irreconcilable with the history of cholera, and thereby 
created at once a prejudice against his view, and it is no wonder that this alleged mode of 
entry gained little crMenee. 



58 


WATER. 


with great logical power, contains the most convincing evidence that, in that 
instance, at any rate, the poison of cholera found its way into the body 
through the drinking water.* 

In 1855, Dr Snow published second edition of his book, giving an ac- 
count of all the cases hitherto known, and adding some evidence also as to 
the introduction in this way of other specihc poisons, t 

The facts, at present, may be briefly summed up as follows 

1. Local outbreaks, in which contamination of the drinking water was 
proved, or was very probable, such as those at Horsleydown, Broad Street, 
Wandsworth, West Ham, &c., in England. In India, Mouat records a case 
of a very severe outbreak among soldiers who drank tlie water of a tidal 
stream. (Indian Report^ p. 47.) 

2. More general attacks, in which districts supplied with impure water by 
a water company have suflered greatly, while other districts in the same locality, 
and presenting, otherwise, the same conditions, were supplied with pure water 
and suifered very little. Thus the liegistrar-General ha.s shown that the dis- 
tricts supplied in 1853 by the Lam^th Company with a pure water, and 
part by the Southwark Company with an impure water, suifered much less 
than the districts supplied by the latter company alone (the proportion vras 
61 and 94 cases respectively to 100,000 of population) ; and Dr Snow has 
shown, by a most elaborate inquiry, that in the districts partly supplied with 
pure water by the Lambeth Comj^any, and partly witli impure water by the 
Southwark, the attacks of cholera were chiefly in the houses supplied by the 
latter water. 

Thus, in four weeks, in 1853, in this district, there were 334 dtmths. Of 
these, no less than 286 deaths occumnl in 40,046 liouses supplied with the 
impure W'ater of the Southwark Comfmny, or 71 to 10,000 houses, and only 
14 deaths in 26,107 liouses by the LamUah Company, or 5 to 10,000 houses; 
in the other cases, the w^ater was drawn from other sources. 

This is as complete as any inquiiy of the kind can be made*, for we must 
assume that all the other conditions of the houses were o(j.ua]. Granting 
this, it shows either tliat the water contained the poison, or predisposed the 
system to be more easily acted upon by it. 

3. Instances in which towns which could not have liad vrater contami- 
nated with sewage have esciaped, and instances in which towns which have 
suflered severely in one epidemic have escaped a later one, the only difiertince 
being that, in the interval, the supply of water was improved. Exeter, Hull, 
and Newcastle-on-Tyne, Ghisgow, Moscow, are instances of tliis. Two very 
good cases are related by Dr AclaiuLJ The parish of St Clement was sup- 
plie<i in 1832 with filthy water from a sewer-receiving stream. In 1849 and 
1854 the water was from a purer source. In the first year, the cholera mor- 
tality was great ; in the last year’s, insignificant. Two jails were near each 
other ; the one suflered, the other not ; the water was impure in one case, 
from drainage, pure in the other. The jail with bad water having got a fresh 
supply, the cholera did not appear in the next epidemic. 

In looking back, with this new reading of facts, it woul<l seem that some 
older reported cases of sudden cessation of cholera can be explained, such as 

* Report on the Cholera Ontbreak In St James’, Westminster, in 1854. London. ChamhiU, 
1855. Every point Is disenssed in this report with a candour ami predaion wolch leaves 
nothing to desired. For fhtther evidence see Indian Sanitary Report : evidence of Dr Dun- 
das 'rhonison, p. 272. 

isls^ Comraunicaiiott of Cliolera. By John Snow, M.D. Londoti, Churchill, 

t Cholera In Oxford. 
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the case of Biedau, in 1832, when the diutting up of a pump was followed 
by the veiy rapid decline of the disease. Doubtless, however, in other cases 
the caxises of the cessation are different ; heavy rain, by cleansing air and 
sewers, and by stopping the evolution of effluvia, will sometimes as suddenly 
arrest cholera. 

So, also, other curious facts in the history of cholera become explicable. 
The prevalence of cholera in Eussia, with an out>door temperature below zero 
of Fs^r., has always seemed an extraordinary circumstance, and it appeared 
only possible to explain by supposing that, in the houses, the foul air and the 
artificial temperature must have given the poison its necessary conditions of 
development. But Dr Eouth has pointed out * that, in the poorer Eusaian 
houses, everytliing is thrown out round the dwellings ; then, owing to the 
cold, and the exiiense of bringing drinking water a distance, the in- 
habitants content themselves with taking the snow near their houses and 
melting it. It is tlms easy to conceive that, if cholera evacuations are thus 
thrown out, they may be again taken into the body. This is all the more 
likely, as cholera stools have little smell or taste, and, when mixed even in 
large quantity with w^ater, are indetectable by the senses. 

No decided evidence has yet been given from India on this point, but many 
of the exceedingly sudden outbreaks in that country would he more easily 
accounted for in tliat way than by supposing the air alone carried the 
poisomt 

111 certain extremely rapid and fatal outbreaks, as, for example, in the case of 
the French Division in the Dobrudscha in 1855, when the wells were thought 
to be poisoned, the introduction was probably chiefly by means of water. In 
the cholera at Devna, in the English army, Dr Cattcll, of the 6th Dragoon 
Guards, states, in an essay 1 had the opportunity of rciiding, that the river 
which formed the chief supply of water for the camp was a frequent cause. 
Into this river offal was thrown ; the slaughter-house was on its banks ; and 
men and women bathed in it aUm the sourae of supply. 

It seems on the whole most prolxible tliai the cholera evacuations, either 
at once or alter undergoing, as supjiosed by Pettenkofer and Thiersk, some 
iermentative change, piiss into drinking water or float about in the atmo- 
sphere. Ill eiUier case they are received into tlie mouth and swallowed, and 
proilucc their effects directly on the mucous membrane, or are absorbed into 
the blood. The relative frequency of each occurrence, the incubative period, 
and tlie severity , of the disease produceil, are points still uncertain, but at pre- 
sent the communication ihrougli the air ap|>ears to Ikj most common. This 
may, however, be merely from deficient obst^rvation. 

In aildition to the pnHluction of cholera from drinking water containing 
tlie cholera sUxds, it has Ixjeii supjHisoil tliat tlie use of impure water of any 
kind predi-spems to cholera, though it cannot absoluUdy produce the disease. 
The facta already quoted on the influence of tlie Lamlieih water seems to 
supj.>ort this view. If the water acta in this way, it can only lie by causing 
a constant tendency to diarrhuEsa, or by carrying into the alimentary canal or- 
ganic matter which may be thrown into Bjieciai chemical changes by a small 
quantity of cholera poison, which has been introduced with air or food and 
swallowed. 

* Ffeca! Formcoitatioii, p, 24* • 

t Br M'WUlUm (Report on EpidemioB, Soc, Tram, vo). i. p. 274) stateo that a 

l^neral oplnioo exiated among the army medical officers, that the great cholera outbreak of 
iSSO and i8SI| in the north-west of India, was in part attrilmUble to the Impurity of the tank 
water, ^Mnto which the general ordure of the natives in oantonment is washed during the rainy 
season.*' 
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Tdiow fever, — As, like dysentery, typhoid fever, and cholera, the aUmeiit* 
ary mucous membrane is primarily affected in yeUow fever, there is an a priori 
probability that the cause is swallowed also in this case, and that it may 
possibly enter with the drinking water. But no good evidence has been yet 
brought forward. 

Boudin* quotes a case fiom Eochard in wliich a French fngate (in 1778) 
took in water at San Jago, where yellow fever prevailed. Several days after- 
wards yellow fever broke out with such violence, tliat two-thirds of the crew 
were attacked. “ And the proof that the only cause was the water,” says 
Rochard, was tliat the persons living with the caj)tain liad with them jars 
filled with water from Europe, and aU escajwd.” Boudin very projierly ob- 
serves, that this evidence is very defective ; but yet we must rt*member how 
completely the pro|>agation of marsh and typhoid fevers, and of cholera by 
water, has been overlooked, and how exactly this sudden and extensive attack 
resembles the case of the Argo. 

The Bormck Comniissioners have also diroettd attention to the fact of the 
great impurity of the water at Gibraltar at the time of the yellow fever epi- 
demic. 

Tfie other Zyntafic Diseases, — No other evidence has yet been given Uiat 
any other of the sj>ecific diseases are propagated in this way. 

4. DISEASES OF THE SKIN. 

A curious endemic of boils occurred in the vi«Muity of Frankfort in 1848. 
It w^as confined to a small number of persons, and presented favourable opi»or- 
t unities for investigation. An elalwrate inquiry was made by Dr Clemens, t 
which certainly si^ems to indicate that the complaint caused by drinking 
water containing sulphuretted hydrogen gas, which vrm set fi'ee in some 
large chemical works, and was washed down by the rains into the brooks 
from >vhich drinking water was derived, llie case is most elaliorately and 
logically argued, but it certainly seimis rttmarkable that other instances of the 
same kind should not have been oluserved, especially m the disengagement of 
large quantities of 8H into the atmosphere is common in some trades, and as 
the drinking of sulphuretted springs is so common. 

5. DISEASES OF THE BONES. 

Water impregnated with sulphunms acid gives rise in cattle to a numljer 
of serious sjTiiptcmis, among others to disi^ases of the bones. The sulphurous 
acid evolvwl from the copj)er works at Swansea has cau8e<l numerous a<;tions 
on account of the loss of herbage and cattle. RossignolJ stetes that water 
highly charged with carbonate and sulphate of lime was found to give rise to 
exostoses in horses ; pure water Insing given, the bones ceascid to be diseased, 
iiard water is said to make horses’ coats rough. 

G. CALCULI. 

It has long been a popular opinion that drinking lime waters gave rise to 
calculi (phosphatic and oxalate of lime). Several medical writers have held 
the same opinion, and have adduced individual instances of calculi (phos- 
]>hatic?) being apparently caused by hard waters, and cure<l by the use of soft 

* 46 Gsog. 6t de 8tat. Meri. 1857, 1. 1 . p. 141. 

t Hsnie’M Zeitsemtt, far not. MecL, 1849, vol. viti. p. 215. 
i d^Hygi^ne Miliiain, 1857, p. 857. 
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or distilled water. On a large scale, statistical evidence is, as far as 1 know, 
wanting. The excess of cases of calculi in l^orwich and Norfolk generally is 
not, in Dr Richardson's opinion, attributable to the water.* 

Professor Gamgee, however, states that sheep are particularly affected by 
calculus in the limestone districts. 


7. GOITRE. 

The old notion, mentioned by Pliny, that drinking snow water is the cause 
of goitre, is now known to be erroneous. The opinion of Chatin also, that 
goitre only prevails where no iodine can be found in the water, is without 
foundation. All the most careful observations, however, chemical and geolo- 
gical, show tliat the water of goitrous regions contains large quantities of lime 
and magnesia, and is derived from limestone and dolomitic regions, or from 
serpentine in the granitic and metamorphic districta Some still doubt the 
influence of such waters, but these investigations now embrace the Alps, 
Pyrene<is, l)auplun6, and some parts of Russia, Kumaon in North-west India, 
Brazil (Bally, Coindet, Branson). Granges f has given some elaborate 
analyses of the water of the Isere,*}; to show that magnesia is the great cause ; 
and has pointed out that, in the Alps and in the Pyrenees, the villages 
most attacked are situahni on the hues of the magnesia-holding rocks, or of 
gypsum or serpentine; while, at a greater elevation, the higher hills are 
gneiss, and contain less magnesia, and there are fewer goitres. The geological 
investigations of M/Clellan§ in Kumaon are singularly convincing, as may be 
seen from the following table compiled from his work : — 


Goitre and Cretmmn in Kunuion»\\ 


Water derived from 

Per Centage of Population affected 

With Goitre. 

With Cretinism. 


Granite and gneiss, 

Mica, slate, and hornblende, . . 

0-2 

0 

0 

0 

Glay slate, 

0-54 

0 

Green sandstone, 

0 

0 

Limestone mcks, 

33 

31 


The greater prevalence of goitiv, in low, ill-ventilated, damp valleys, seems 
to be caused simply by the soil, the debris of the lime and magnesian rocks 
rendering the watt»r more impure even than that of the hills above. There are 
not wanting, liowever, some analyses of w aUrr which show that the water of 
goitrous n^gions contains no magnesia (in Rheims, according to Mauinen<^ ; in 
Auvergne, according to Bertmnd; in Lonilianly, according to Demortain), 
although it contains lime in large quantity ; while there are some few' authors 
who deny that the water contains even lime. Jlut this last opinion has gene- 


• Med. Hiirtory of England ; Medical Tiniea and Gazette, lS6i, p. 100. 

t Ann. de Cbunie et de Pby». vol, xxiv. p. 3SI. 

1 BaUars^r (Cbtapiez Rtndm de VAwd, t. Iv. p. 475) informe ns that in this locality boraea 
and mnies Decome goitTona ; young men, he also aaya, are in the habit of drinking the water, 
yo a» to produce goitre and escape the mlutary oonacription. The occurrence of in horeee 

hae, however, been denied by Key. 

( Medical Topography of Bengal. 

tt 1 have included the facts on cretiniam also, altbongh 1 do not wish, in any way, to pie- 
jndge the much more uncertain problem of the cause of cretinisni. 
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rally been based, not on chemical analysis, but on the geological azgoment that 
the water was iurnished by a granitic or gneissic district. As, for example, 
the ailment of Kender, that in some regions in Bradl, where tliree-fourths of 
the population are goitrous, the villages are on gmiite, gneiss, quartz, and 
day. But no analyses are given, and, as in Daupliind, the springs may arise 
at the junction of limestone and granitic rocks. iSa Brazil, Castelnau b^eved 
he could confirm Granges’ view of the prevalence of magnesia and lime in the 
water of goitrous districts. 

The amount of lime and magnesia salts required to produce goitre is not 
precisely known. In the gaol at Durham, Johnston* states that when the 
water contained 77 grains i)er gallon (chiefly of lime and magnesia salts), all 
the prisoner had swellings of the nock ; these disappeared when a purer water, 
containing 18 grains to the gallon, was obtained. 

Goitnj may bo rapidly produced. Bally noticed tlmt certaiti waters in 
Switzerland would cause it, even in eight or ten days, and cases almost as 
rapid have occurred in other places.t 

8. EXTOZOA, OR OTHER ANIMALS. 

\Miereas the Twnia sdimn^ and the Tmnla mcdiocanellata enter the boily 
chiefly in food, the two fonns of the Bothriocephalm latm (T, lata) seems to 
find their way into the body principally or entirtdy in the drinking water.J 
Both embryo and eggs (but principally, or perhaps entirely, the former) exist in 
the river water, llie ciliated embryo movcjs for sevcaul days very acitively in 
water ; it may there, after a time, lose its ciliary covering, and then, not being 
able to move further, perishes ; or it may find its way into the bodies of man 
and animals, and there develops into the Bothriocephalm latm. 

It is most common in the interior of Bussia, Sweden, in |>art of Poland, and 
in Switzerland. 

The Aecaris lumhri^oides (Round-worm) appears also sometimes to enter the 
body by the drinking water. At Moulmein, in Bunnah, during the wet 
season, and es|)eciaUy at the commencement, lK)th natives and Europeans, both 
sexes and all ages, were, during my service, so affected by lumbrici that it was 
almost an epidemic. § The only circumstance common to all classes was that 
the drinking water, drawn chiefly from shallow wells, was greatly contaminated 
by the substances washed in by the floods of the excessive monsoon which 
prevails there. Dr Paterson has also noticetl similar facts (Aitken’s “ Prac- 
tice of Medicine,’’ ii. p. 125). 

Filaria Draammlm (Guinea-worm). — ^The introduction by water of tlie 
Filaria has long been a favourite opinion. It has l)een a matter of delmU; 
whether it is taken into the stomach as drink, and thence finds its way (like 
the Trichina, to the muscles) into the subcutaneous cellular tissue, or whether 
it penetrates the skin during bathing or wading in streama The latter opinion 
seems to be the most probable in the majority of cases. || 

Boiling the water before drinking appears to have some preservative effect^f 

Leech ^ — Reference has already been made to the swallowing of small 


* Edin. Monthly Journal, May 1855. 

t Bally, qaoioa in Cyclopaedia of Pract. Med. art. Bronchocele, vol. i. p. 328. 

X See eap^aliy a paper by Dr Knock in the Peterburttcr Med. Zeitach. for 1861, An ab- 
atract ia given in the Ismcet, Jan. 25, 1862 ; and the paper in full i» printed in Virchow^i Archiv. 
band zaiv. p, 453. 

g The native treatment ie the powder of a fnimua (Wah-mo), derived from the female bamboo. 
It is most useful. See paper by the author in the Ixmdon Journal of Mediae, 1840. 

ti See Dr Aitken's long and ezeeHent chapter on ihk disease, in the second volume of his 
Pmctice of Medicine, p7l34, et sw. 
f ain6idicminlii^AiinalM856^p.557. 
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leeches, which fix on the phaxynx and in the posterior nares. In a inarch of 
the French near Oran, in Algiers, more than 400 men were at one time in 
hospital fix>m this cause. IniMSome cases the repeated bleedings from the 
larynx have simulated hemoptysis and jjhthisis, and have produced ansemia. 
A leech, once fixed, seldom falls off spontaneously. In India, no accidents of 
this kind are on record, yet we must assume that they occasionally occur. 

9. LEAl), MKBOURY ARSENIC, COPPER, AND ZINC POISONING. 

It is only necessary to mention the fact of metals passing into the drinking- 
water, either by trade refuse being poured into streams, or by the water dis- 
solving the metal as it fiows through pipes or metallic sur&ces. (Bee page 4 1 ). 

General Conelmiom. 

1. An endemic of diarrhoea, in a cmnmunity^ is almost always owing either 
to impure air, impure water, or bad food. If it affects a number of persons 
suddenly, it is probably owing to one of the two last causes, and, if it extends 
over many families, almost certainly to water. But as the cause of impuritj^ 
may be transient, it is not always easy to find experimental proof 

2. Diarrhoea or dysentery, constantly affcKjting a community, or returning 
periodically at certain times of the year, is far more likely to be produced by 
bad waUjr than by any other cause. 

3. A very sudden and localiscwi outbreak, of cither typhoid fever or cholera, 
is almost certainly owing to introduction of the i>oison by w'ater, 

4. The same fact holds good in cases of malarious fever, and especially if 
the cases are veiy grave, a possible introduction by water should be carefully 
inquired into. 

5. The prevalence of Lumbrici, Guinea-worm, or Dothriocephalm laim^ 
should always excite suspicions of the drinking and bathing water.* 

• lu the precediaff jpagcs I have dealt only with the sanitary, and not adth the economical, 
question of pure and impure water supply. But this latter Is a point of no mean importance, 
and even luw a bearing on health. For example, the exx^enditure of soap from the use of hard 
water is very ^t, and has even l»eeu reckoned in London alone as equal to half a million 
sterling annually. This cost lessens cleanliness, and in this way health is affected. In some 
manufactuies soft water is so essential for dyes and other work that great expense has been in- 
curred by several manufaauri^ towns to get soft water, although they already possessed a gWHi 
supply of rather hard water. Even the question of good or bad infusion of tea is connected with 
go^ or bad water. Mixed sanitary and economical considerations have led engineers at the pre- 
sent day to very remarkable works for water supply, and it requires no propel to foresee mat 
the grwit engineering problem of the day is really the supply or abundant, pure, and soft water 
for great masses of population. Already we see Glasgow bringing down the waters of a Highland 
lake, Manchester and Liveipool collecting rainwwter from the vast regions of the Millstone grit 
and London debating whether it would not be economical to turn to account a lake fed by the 
rain on the mottntaini of Wales. • 
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ARMY REGULATIONS ON THE SUBJECT OF AIR AND 
VENTILATION. 

The Insf^tor-General or Deputy- [nspoctor, or Sanitary Officer or Rej^mental 
Surgeon, is desired to see tliat the ventilation of barracks, guard-rooms, day-rooms, 
schools, Teading-rooms, cells, and hospitals is goo<l, and that the numbiu* of men 
in any room does not exceed the regulation number (Med. Retj. pp. 29 and 80). 

The number of men placed in a barrac*k-room or hospital-waj^ is to depend 
on the cubic space. 

In permanent barracks a man is allowed . . 000 cubic feet.* 

In wooden huts, 400 „ 

In hospital wards at home, .... 1200 „ 

„ „ in the tropics, . . . 1500 „ 

In wooden hospitals at home, . , . . 600 „ 

The number of men in oacli room is to he iminted on the door (Med, 
pp. 38 and 79). 

Before temporaiy^ hospitals are organise<l, the sanitary or other medical officer 
is to consider and report on the ventilation as well as other things (p. 39) 

The surgwn or medical officer in charge of a regiment is diriKjUKi to visit 
“ at frequent intcMwals” all barracks, quarters, hospitals, cells, married sol- 
diers* quarters, to note their general sanitary condition, including ventilation. 
He is also to examine latrines, stables, d:c. (p. 81). 

On field service and on transiKirt ships the same duties are enioined (dp, 
83 and 85). 

The most constant attention is therefore onlered to Ixj paid to this subject. 

• With the exception of ordering a certain cubic sjiace, the Medical Regular 
tions do not give any specific rules as to the rate of change of air, but the 
Report of the Barrack Commissioners (1861) orders that arrangements lie 
made to supply at least 1200 cubic feet per head jierhour; or, in other woixls, 
that the 600 cubic feet of air shall be changed twice in the hour. 

In the Queen's Regulations for the Anny the subject of ventilation is also 
several times referred to. The ventilation of cells is ordered at 236 ; of 
barracks at p. 246 ; of transport ships at p. 346, 

The regulations thus require the medical officer to be able to report on the 

♦ In the mniropolttan iodmng-bonseiL SOcnperficial atn! 240 cubic fent m allowed : in the eec- 
tion-hotwee of the metTopolitaa police Wfeet impeificial and 450 cubic feet are given. The Poor- 

^ donnitofiea, and S6o cubic feet for 

every aide P^n. hi Dublin an allowance of 800 cubic feet ta required in the te^liiicred lodgiiur* 
an excellent paniphlet entitled **Tbe Eaaentialaof a HeaHliy D^Uing/’ p. 12) 
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sufScmcy or otherwise of ventilation ; or, in other words, on the rate of 
movement, and on the purity of the air. 

It is a physiological question of the greatest moment to determine pre- 
cisely the amount of air necessary for tlie vital process of Te8i)iration. To 
determine when air is pure, or, if impure, what substances are mixed with it , 
is a chemical inquiry ; and to trace the diseases attributable to deficiency of 
(juantity and alterations in quality of air, is a subject* for the pathologist. 
How the requisite amount of pure air can ho given is an engineering ]>roblcm, 
and forms the subject of the chapter on ventilation. 


.‘^ECTKJN 1. 

QUANTITY OF AlU. 

What qiiiiiiiity of air must be supjdied per liead per liuur, st) to dilute tii<^ 
products of respiration and transpiration from the sound and sick body, or 
of combustion of lighting, as to keep the air always pure and fresh ? 

8un Se<tion I.— Fou Healthy Adi lt Men. 

The <[uestioii may be aiiswtfted both by calcuLitiun and by experiment. 

Taking the carbonic acid of respiration as a eonveuient mc«isure of impurity, 
the following table will show the mode of calculation : — 

1. An adult man inspires and expires on an average 

30 cubic inches at every respiration, and he 
breathes 16 times minute, 

2. In an hour he thendbre cxpir(‘s — 480x60 .- 28,800 cubic inches, cu 

1G‘0G cubic feet, 

3. The iiir ho breathes in (if i)ure) contains 0'4 per 1000 volumes of (X\, 

while the air he briiathes out contains 40 volumes per 1000 of in 
addition to fjctid organuj matter undetermined in amount and watery 
va|Kmr to saturation ; or, in other words, about 0*5 i>r 0*G cubic 
of COj and 136 grains of watery vapour, an^ (diminated per hour, or 
from 12 to 1C cubic feet of carbonic acid gas in twenty-four hours. 

4. 1 o dilute the expirt.Ml air so that the amount of | 

UOg shall bo reduced to 0*4 |:H?r 1000, mure 1 IG'GG x 100= 1666 
than 100 times the volume of exjnnxl air must [ cubic ft*et. 
be supplied, or i»er hour, , . . . I 

5. But as the addijd air contains some ( and as the ( xhalations from the 

skill rwjuire to bo also diluUjd, at U^ast J mure must be added, wdiich 
brings up the amount to 2082 cubic feet jwr hour. 

Betteukofer,*^ by a similar calculation, has fixed the amount as 200 times the 
volume of the expired air, which he puts at 300 litres ( -- 10*6 cubic feet |}er 
hour). VieroKlVs calculation of the expired mt is 12*75 cubic feet, and 
Valentine’s 16*6 cubic feet [»er hour. Pnictical experience eonfiims tliis 
result. The succcHsivo experiments made by Grassi and others have shown, 
first, that allowances successively given of 10 cubic metn^s (=-.353 cubic 
feet), of 20 cubic metres (706 cubic ibet), of 30 cubic metres (1059 cubic 
was quiU’s insufficient for one man, and the quantity was gradually 
iucreaSiKl till 60 cubic metres (2118 cubic fe<d) were given. The air in the 


♦ Ulwr tkn huftworhwl von Dr Mt* Pettenkofer, 1858, p. 85. 


1 30 X 16-480 cubie 

I indies. 
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cell of a prisoner who received that ration of air seemed pure to the 
senses. 

From a number of experiments, in wliich the outflow of air was measured, 
and the carbonic acid simultaneously determined, I have found at least 2000 
cubic feet i)er hour must be given to keep the carbonic acid at *5 or *6 per 
1000 volumes, and to entirely remove the foetid smell of oi^^ic matter, 
\^en 1200 or 1400 feet only wore given, the carbonic acid amounted to *7, 
*8, or *9 per 1000 volumes, and the organic matter was in sufficient amount 
to destroy *00002 gnimmc^ of j>ermangaiinto of }M)tash wlien 12 cubic feet of 
air were drawn through. My friend Dr Sankey, from careful experiments 
with a fan, found that when, in a wani in the London Fever Hospital used as 
a chapel, 800 cubic feet per head per hour were supplied, the ventilation was 
insufficient. 

General Morin, from analysis of all the obseiTations made in Paris, and 
from e^pperimoiits of his own, gives the following amount : — 

Amount of fresh air lo bo supplied j>cr head per hour in temperate climates 
in tlie following ciiriunshinces : — 

In Barracks, - 30 <‘ubic metres bv day - GO by night. 

1059 cubic feet -2118 ‘ „ 

„ Worksbojis, 00 cubie metre.s. 

-2118 cubic feet. 


„ Prisons, 

„ Theatres, 
„ Schools, 

„ Hospitals, 


Ibid, 

^ Ibid, 

- 30 cubic metres. 

- : 1059 cubic feet 

80 cubic metrics day and night. 
-2825 ciihie feet. 


Z I during hours of dressuig. 

„ - 1 GO cubie metres, ) , . i • 

= 5050 cubic f«‘t, ’}J‘'n»g«^PKlm.cs. 

Tlie Barrack Improvement Commissioners order at least 1200 cubie feet 
jHsr hciul per hour to be given in Ixirmeks at hoTin*. I’he older olw^rveis 
fixed much .smaller amounts. IVdet, in the earlier editions of ins great work 
(De la Chaleur), thought C cubic metres ( - 212* cubic fevt) per head per hour 
sufliicient 

Artigo recommended 10 cubic metres j>er hour, or 353 cubic feet. 

Dr Keid „ 10 „ feet jK^r minute, or GOO }u‘t hour ; in some 

cfises, however, he gave GO cubic feet i»er minute, or 3G00 jwr hour. 

Hood recommended 5 cubic fet^t jH‘r minute*, or 300 i)er hour, 

Wolpert „ 600 cubic feet (Prussian) p<,‘r hour. 

In mines which arc thought to be well veutilaitHl, not less than 140tl 
cubic feet are given per head j»er hour, and if tliere is much fireHlainp, m 
much as 6000 cubic f«;et have been supidied.t A horse retpiires 24GO cubic 
feet per hour at tlie least, 

AltJiough, in order to give precision to the subject, it is necessary to 


* HapI»oH dc ]a Commmioti eur b et Ih Vtutilatifai da Falnk di* 

f ft has Wd sum, from extensive oliservattoiis, that, in n»mc«, if it is wlslml to np 
tbtf greatest energies of the men, no than lOf) cubic feet |h r man p<*r rnimite toOOOO fmt* 
^hour) roust mven ; if the quantity h reditce^l to one"thii'«f, r»r even one-half, there is a serious 
^diiniautioii in the amonirt of work deme by the men. Mr imitert Htepbenson even thought that 
1^ <mbic feet i^er man per intiiuie would not be eiKmgh. This amount inelttdes, of I'oume, all 
the air wanted in the mine for hontea, lights Ac, • Proeetdhff^ nr ifit fHvil vf»l. *ii. 

ftp. 298 and 308). 
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attempt to defiue the miuiiuum quantity which is necosaaty, there is no 
doubt tliat it is advantageous to have a much larger amount ’Wherever 
practicable^ we should be contented with nothing short of an almost unlimited 
supply. 

Sub-Section II. — On the Quantity required for the KESPiRiiTxoN and 
Dilution of the Emanations of Sick Men. 

With regard to sick men, it is impossible to say what quantity should be 
given. In some diseases, so much organic substance is thrown off, that 
scarcely any ventilation is sufficient to remove the odour. At the Hospital 
Heaiyou in I^aris, it jWaa shown, as long ago as 1847, tliat 60 cubic metres 
(-2118 cubic feet) per head jwr hour did not remove all odour from the 
surgical wards after dressings. Drassi* mentions that a perceptible odour 
difihsed from a case of caiuteruus ulcer in a ward in the Hopital Necker at 
Paris, although the ventilation at the time was 3500 cubic feet per head per 
hour ; but biul odour will percej)tibly taint an hospital ward with a greater 
allowance of air even than this. Dr Sankey found the wards in the London 
Fever Hospital to be not free fr<»in odour when 3720 cubic feet per head per 
hour wen^ jwissing in. At hsast, 4500 cubic feet per head per hour must be 
allowed (Sutherland), esj>ecially when there are many })ad cases, and esj^ecially 
surgiad cases with ojven w'oiiiids; and during ei)itlemics, or when hospital 
gangrene, pyiemia, or etTsi[>elas are spreading, 6000 cubic feet at Uiast must 
be given ; or, in other words, the supply must be almost unlimited. The best 
surgeons now consider an almost coinpleU? exposure of pyaunic patients to 
the open air best tnjatirient ; and it is well know n that in typhus fever 
and (to a less extent in) typlndd, and also in sinallj)ox and ]>lagne, this com- 
[d(!te exposure of patients to air is the iirst important mode of treatment, 
Iwfore even tliet and medicines. 


Sub-Sfxjtiox III. — On the Quantity of Air required for Lights, if the 
Air is to he kept I^uue by Dilution. 

Air must he also supplied for lights if the proilurts of combustion are 
allowed to pass into the loom. Wolpert has calculated that, for every cubic 
fcM»t of gjis, 1800 cubic of air must be introduct^d to piY>peTly dilute the 
pDHiucts of combustion, and this is not hx* much if we remember that a cubic 
foot of good coal gtw produces about 2 cubic feet of carlx)nic acid, and that 
sulphuric acid and other subshiiice-s may Im alsi> formed. A common gas 
burner will burn nearly 3 feet per hour, an<l will consumo 10 or pn>bably 
12 cubic feet in an evening (4 hours), and thorefore fmm 18,000 to 21,600 
cubic feet of air mn^t introducetl for this purpose alone in the 4 hours, 
unless the pnxluets of combustion are rcmove<l by a sjx'cial cliannel. 

A lb of oil demands, for (Hunplete comhustion, 138 cubic feet of air ; and 
to keep the air jKwfect.ly pim*, nearly as much air must Ik* introdua^d for 
1 lb of oil m for 10 cubic feet of gas. 

In mines, 60 cubic fcH>t [sw hour art* allowed for eacli light ; the lights 
generally are dim; and the amount of comhustion slight ; but this seems an 
extremely small amount. 


* Etude Oomparstiw de» Dcfux de rhaua»g«* et ds Yeniilalkm, kw Par €. Gnw^si. 

18>6d, p. 12. 



68 


AIK. 


.SECTION JI, 

COMPOSITION OF AIR. 

It would be occupying unneceasary 8}>ace to enlarge on this subject In 
addition to oxygon and nitrogen, Uiere are the following substances; — carbonic 
acid, watery vapour, organic matter* Perhaps, also, the almost universally 
diffused salts of soda should bo reckoned as normal constituonta Alterations 
in, or specific states of thes(3 gases (ozone, antozone, &c.), is considered under 
the head of climate. 

Tlic amount of watery vapour varies in different countries gi'oatJy, from about 
40 per coni, of satuiration to perfect satumtion ; or, according to temperature, 
from 1 to 11, or even 12 gmins in a cubic fwt of air, if that expression may 
be admitted. The best amount for health has not been determined, but it has 
been supposed it sliould be from 6.5 to 75 j>ei* cent. ; but in many licalthy 
climates it is much moiv than this. (See Climate.) 

The normal amount of carlionic acid in normal air ranges from *02 to *05 
per cent, (or from 2 to 5 v<diimes m 10,000) ; it increases slightly up to 1 1,000 
leet, then decreases ; it is slightly augmented iiiKler (lerUiin circumstances ; as 
in sea-air by day, though not at night ; the difference lK‘ing between *054 to 
*033 i>er cent. (Lewy). 

The normal amount of organic matter is not known, if indetid it is not to 
Ikj consideml as fm impurity. 


SECTION IIL 
IMPARITIES IN AIR. 

A vast number of substtuices, vaiKnirs, gast‘s, or solid ]>artieles, continually 
pa.ss into tlie atmosphere. Many of thcst‘ Hubstances ean bo dek*oted neither 
by smell nor histe, and aiv iniialed without any knowledge on the }>art of those 
vrho brtjath them, (.)thers are smelt or tast^Mi at fust ; !>iit in a short tiine>, 
if the subskuice remains in tlie atmosjihere, the nerv es lost^ their delicacy ; so 
that, in many cases, no warning, and in other instances, slight warning only, 
is given by the senses of these atmos])ht»ric impurities. 

As if to coinptnisate for this, a wcmderful s<uies of processes go on in the 
atmosphere, or on the earth, whit'h kwp the air in a state of purity. 

Gases diffuse, and are carried away by wimls, and thu.s become ho dilukd as 
to be innocuous, or are dex*<nnpo8ed if coinjioiiud, or are washed down by 
rain ; solid substances lifted into the air by winds, or by the ascensional force 
of evafioration, fall by their own W(uglit; or if organic, are oxidized into 
simple compounds, such {is wak^r, carbonic acid, nitric a(n<l, and ammonia ; or 
diy and break up into impalpable fwirticles, wliich are waslied down by min. 
Diffusion, dilution by winds, oxidation, and the fall of min, are the great 
purifiers; and in addition, there is the wonderfiil laliomtory of the veg<4abb 
world, which keeps the carlxinic acid of the atmosphijre within certain limits. 

If it were not for th(fSe counterbalancing agtuicies, the atinoHjihero would 
soon become too impure for the human meet. As it is, it is wonderful how 
the immense impurity, which dfiily passes ink» tlie nir, is soon removcnl, 
except when the }>enrersc ingenuity of man oppos<*s some obstacle, or makes 
too great a demand even upon the purifying jKiwers of Nature. 

The air p«^ng into the lungs in the n<fces»aiy and automatic process of 
respiration, is drawn successively through the mouth and nose, tne fauces, 
and the air-tubes. It may consist, according to circumstances, of matters 
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perfectly gaseous (as in pure air), or of a mixture of gases and solid particles, 
mineral or organic, which have passed into the atmosphere. 

The truly gaseous substances will doubtless enter the passages of the lungs, 
.and will meet there ^nth that wonderful surface, covered with the most delicate 
tufts of blood-vessels, luishielded even, it is supposed by some, by epithelium, 
which stand up on the surface of 5,000,000, or 6,000,000 air-cells, and through 
which the blood flows with an extreme velocity ; there they will be absorbed, 
and if, as has been calculated) the surfece of tlic air-cells is as much as from 
10 to 20 square feet (and% some have placed these tiguYes much higher), we 
can well understand the ease and ra])idity with which gaseous substances will 
enter the blood. 

The solid ]>articles or molecules entering witli the air, may lodge in the 
mouth or nose, or may pass into the lungs, and there decompose, if of de- 
structible nature ; or may dis.solve or break down if of mineral formation ; 
or may rtmiain as sources of irritation until dislodged ; or perhaps become 
covcr(id over with epithelium, like tlu», particles of carlion in the miner's lung. 

If such particles lodge in the montli or nose they may he swallowed, and 
pass into the alimentary canal, and it is tiven more imdwible that this should 
l)(i the ease with all except Iht* lightest and most finely divided substances, 
than that liny should pass into the lungs. Alllioiigh incapable of present 
proof, thei’c is some r(*asoii to think that .some of the specific poisons, which 
float aliout in an impure atmosphere, such as those wdiich arise from the 
typhoid or cholera evacuations, may produce their first eifects, not on the 
lungs or blood, but on the alinuuitary mucous ineiubrams with which they are 
brought into <*.oiitact when swallowed. 

Sub-Sectiox I. — Suspended Matteus. 

Naiur(*> of Smix'tuled Suhataueos . — An immense num})er of substances, or- 
ganic and inorganic, may Ix) suspended in the atmosphere. From soil the 
wimls lift silica, finely [>o%vder(*d silicate of alumina, carlxuiate of lime, plios- 
phate of lime, silica ami jieroxide of iron. Volcanos throw* fine particles of 
carls »u, sand, and driixl mud, which ]>assing into the higher regions, may be- 
(miTied ovtu* hundiH*ds of miles. 

The animal king<lom is repr(‘senUjd by Uie de1)ris of the perished creatim*s 
w*bo have lived in the atmo8])hert\ and also, it would apjKjar, that the ascen- 
sional foix:e of evajHuation wdll lift even animals of some magnitude from 
the surface of marsh w ater. The germs, also, of Vibrio, Ikicteria, and Monads 
arci largely prestmt. 

From the vegetable w\>rld pass up seeds and debris of vegetation ; pollen, 
spores (»f fungi, myccKlerms, mucedines, which may grow in the atmosphere, 
and innumerable volatile substances or o<lours. 

From tlie the wind lifts s]»ray, and the ehlorido of sodium becoming 
dricni, is so diffumi through the atinosj>here, that it is ditficult, on spectrum 
analysis, tf» find a spectrum without the yelhnv line of soda. 

The works and hAbitaiion.H of man, how’ever, furnish matters probably of 
much gn‘4iter importance in a hygienic point of view\ 

Particles of eRrbon from im|H^rfcei c<imbustion of wood or coal, or from 
breaking up of masses of coal are, of coursc% extnMuely common ; starch cells, 
among tsUl bread-eating nations, appear scaix'tdy less so. In manufacturing 
districts, or in certain trader tliere may l>o cotton fibres, hair, ]>articles of 
wool, particles of iron, sttNal, stone, clay, &c., and the diffusion of these 
}>articles plays a very prominent part in tlie production of lung diseases, 
(bronchitis, emphysema, phthisis) and of stomach diseases (dyspepsia). 
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In addition to this, dried organic substances* are like fin© particles of soil, 
lilted from the ground by wind, and are possibly carried for some distance. 
In some such way, in all probability, certain diseases are propagated, the dried 
substance, as for example, the evacuations of choloni or dysenkuy, floating 
through tlie air, and being finally swallowed or inhaleti into the lungs. 

The specific poison of smallpox derived from the skin ; of scarlet fever de- 
rived from the skin, throat, urine (I) ; of me*xsle8 derived from the skin and 
lungs (?) &c,, must also be molecular organic matter, or even formed corpus- 
cles, though as yet they have not been rocogiiisocL 

But not only are such impalpable fine dry powders lifted into and carried 
in the air, but organised particles, still retaining their form, may be lifted by 
the force of evaporation of water. Eiselt discovered pus cells in the air of an 
ophthalmic ward ; and epithelium cells are fiuuul in all ill-veiitilatfMl rooms.* 
The extent to ivliich jms or epithelium cells ct>ntpibuUi in ibnuiiig the or- 
ganic matter which accunuilah^s in badly cleaned hos])it«d8, is shown by the 
experiments of Clialvet in ilie wards <»f St Lo\us.t I'he dust collected, when 
the wards were being cleanetl, was found in one experiment to contain 36 per 
cent of organic matter, and in another experinnuit 46 per (;ent. Tliis organic 
matter consisted in great measure*, of epithelium cells, wlien burnt it gJive out 
an odour of horn, when moistened and allow'cdio decompose it gave out a foetid 
putrid smell. 

I have examined the air of various barracks and military hospitals, and 
have detected large cjuantities of epithelium from tin* skin, and jM^rhnps the 
mouth ; particles of cotton, w(wd, and otlier matters of uncertain origin. Drs 
Fnink, Hewlett, St John Stanley, Ikiynes Kee*d, and otliers, of the Army 
Medical Service, have also made many exiHjriments on this jKunt. The figure 
given below is a copy of the \voo<lcut given in the e.xccdlcut pap<?r of the 
three last gentlemen.^ 



Fig. 7 .-^Baspetided matter in the air of the Barracks at GiavoMttd. 

In all tainted atmospheres of this kind, it would appear that the germs 
of infusoria abound to a much greater extent than in pure air. It seems 

^ First detected by Dondas Thomson in the air of a cholera waitl in 3340 and in ISM. 
tAmd^Hygi^. July 186% p. 240. 

t Anny Medical Keporto for tSw and 1861. Ventilation of the Barracks at Ontveaend, Ac. 
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probable tliat the discovery of suspended matters of this kind will lead 
to most important results. The possibility of a direct transference from 
body to body of cells undergoing special chemical changes is thus placed 
beyond doubt, and the doctrine of contagion receives an additional elucida- 
tion. It remains to be seen Mdiethor pus and epithelium cells becoming 
dried in the atmosphere can again, on exposure to warmth and moisture, 
undergo again the chemiwil changes which had been interniptcid, or whether 
they would not rather break down into impalpable particles, and be then 
totally oxidized and destroyed. It is now generally admitted that protophytes, 
like th(? Protococcas pluvialMf may be dried and yet retain their vitality even for 
years, and may be blown about in atmospheric currents ; but it would not be 
right to infer a similar power on the i»art of epithelium or pus cells. 

Sitb-8kci'ion II. — (Jaseous Substances. 

A great number of gjises may pass into the atmosphere either from natural 
causes or from the works of man. 

t ‘Ompounds of carbon — 

Carbonic acid (abnormal if exceeding 5 in 10,000 parts). 

( ’arbonic oxide. 

(JarbuHitterl hydrogen. 

r(H.‘uliar substanc(‘8 (gaseous) in sewage air. 

1 ’omjKmnds of siiljdiur — 

Sulpbuious acid. 

Sulphuric aciil. 

Sulphuretted hydrogen. 

Sulphimd. of ammonia. 

I bisulphide of carboii. 

t/ompounds of chlorine — 

Hy<lrochloric acid. 

tJoiiipoumls of nitrogen — 

Ammonia and acetate and sidphuret carbonate of ammonia (normal in 
small amount?). 

Nitrous acid^ 

Nitric acid. 

('omj)ouiulH of phosphorus — 

Phosphoretted hydrogen. 

Organic vajKnirs — 

Of the exact wmfjosilion of the va|x>urs, often fietid, “which arise from 
various decom|ming animal matters, little is known. The vapours 
of stmage have been examined by Odling, and were found to be 
carbo-ammoniacal, conUiining moix', car]>on than luethylanine, and 
less than othyiamine. 

Sub-Section III. — Natuke or Inpuiuties in Certain Special Cases. 

Air Vitiated Vy 

An adult man^ in ordinary work, gives off in twenty-four liours from 12 
to 16 cubic feet of c4irboiiic acid gas, and also emits an undetermined quan- 
titv of carbonic acid gas by the skin. 

l!he amount of carbonic acid in pure nir kdug assumecl to be on on averse 
0*4 per 1000, or 4 volumes per 10,000, the quantity in the air of respiration 
is as follow*s : — 
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Per 10,000 voluivien. 

Barrack (un ventilated) in Ixoidon (Roscoe), 

»» » ( » /♦ 

„ „ Chatham (Fyffe), 

Afilitar}^ hospital at (Fort Pitt) Chatham — numer- 
ous observations, 

Hospital at Nctly (numerous observations), 

Cleneral Hospital, Madrid, .... 

Boys^ school (Roscoe) — 22,141 cubic feet, and 1C4 
boys for 2^ hours, with bad ventilation, . 

Boys’ school (Roscoe) — 4040 cubic feet and 07 boys, 

Air of a crowded meeting (Roscoe), . 

81eeping-rooin in Salpetriere, .... 

,t .... 

„ Madrid (Da Luna), . 

Schoolroom — 1 0,400 cubic feet and 70 girls 

(Pettenkofer), 

Horse stoble in ikjoh? Militaire. with badly -closing 
doors, ........ 

The carbonic acid of i*espiration is equally diffused through the air of the 
room (Lasaaigne, Pettenkofer. Rosco(^) ; it is very ni]>idly got rid of ))y oiKUiing 
windows (Gore), and in this re.speci differs from the organic matter, and pr(» 
bably from the wateiy vapour ; neither appear to diffuse rapidly or equably 
through a room. 

By the skin and lungs pass off from 25 to 40 (Jiinces of water, to mainhun 
which, in a state of vapour, 211 cubic feet of Jiir piT hour is neceasary on an 
average. Of courses h(»weveiv tem]»ei*ature and the hygrometric condition of 
the air greatly modify tliiva ^ 

Organic matter is also given off, tlie amount of which has never been pre- 
cisely determined, and lias betm variously estimated at from 10 to 240 
grains.* Perhaps at prf3s<mt it may bo approximabjly stated at 30 grains |)er 
diem for each adult This organic matter must be partly suspended, and is 
made up of small particles of ejutlielimn and fatty matters debiched. fnmi the 
skin, and partly of an organic vaxK>ur given off from the lungs and moutJi. 
The organic matter from tluf lungs, when draAen through sulplmric acid, 
darkens it; through |K'nnangaiiate of potash, decoloristis it, and through 
pure water renders it ofhmsive. Collectol from the air by coiulensing the 
watery vapour on the side.s of a ghdie containing ice (as by Tmldei in the 
wards of the Santa Maria Novella), it is found to be prcfupitated by nitrate of 
silver, to blacken on platinum, and to yield ammonia. It is thenjfore nitro- 
genous. It has a xvxy fadid smell, and this is retained in a room for so long 
a time, sometimes for four hours, evtui when theixi i.s fee ventilation, as to 
show it is oxidized slowly. It is jirolmbly in combination with w^ater, for the 
most hygroscopic substances absfjrb most of it. It is alisorlx^d most by wool, 
feathers, damp walls, and moist paper, ami hiast hy straw and horstdmir. 
The colour of the substance influences its absorjitiun in the follcnving order : — 
black most, tlien blue, yellow, and white. It is jirobably not a gas, but is 
molecular, and floats in clouds thKiugh tiie air, as the odour is evidently not 
always equally diffused through a room. This quantity is in no veiy close 

♦ Kiiport on Hygiene in tlie TramiMitione of the American Mwiical Auaociation. 1850. CMU 
cnmtii^ on thi» which i» in all probability ranch cxaggeratcMl, the Atuerican reTK)rt<»^ 
etaufo that 800 ))en»aii» spending 12 hours daily Initwecn decks on l>oard ahip, will emit in 
animal matter; and that an array of 2ii,<i00 men would emit In one day 
883 Iba., or m one year, 804,166 lha. 
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relation to the carbonic acid, though a large quantity of CO^ derived from 
respiration, always indicates a laige quantity of organic matter. In a room, 
the air of which is at first perfectly pure, but is vitiated by respiration, the 
smell of organic matter is generally veiy perceptible when the COj reaches 
*7 i>er 1000 volumes, and is vciy strong when the CO- amounts to 1 per 
1000. From exjwjrimftnts made at Gravesend and Ketley* by various medical 
officers, it was found on a mean, that when the CO.^ reafdufd 1 *25 and *865 
volumes per 1 000, the amount of air required to destroy *00002 grammes of 
j>erinanganate of j>otash was 8 and 12 cubic feet re8i)ectively. 

It is indeM asserted by Gaultier de Claubry (Ann. d’Hygifene, April 1861, 
p. 348), that in liarracks, some minutes only after the soldiers had entered, 
the smell of organic matter was ]>erceptible, though there Avas at that time no 
augmentation in carljonic acid 

Assuming tliat the organic raatU'.r has an effect on the permanganate of 
jK)tasli equal to that which sugar ha8,f Dr Angus Smith has calctilated the 
amount of organic matter to Ik^ — 

Cubic feet of Air. 


In a bedroom, 

... 

Inside a house, 

In a closcily -packed railway-carriage, 
Wlieii the air of a se>ver entered a house, 
Ash of midden or cesspool, 

Pure air on high groiuul, 

1' >1 • • 


1 grain in 64,000 

„ 56,000 

„ 16,000 

8,000 

„ 8,000 

„ 62 

Z 176,000 

„ 209,000 


Besides the gaseous j»ro(Iucts strieily derived from the hmgs, the air of most 
dwelling-rooms, wlien examined by the ju‘rf»scope, is fouml to contain many 
e[»ithtjlium cells ; many of tlu^se are evidently derived from the skin ; tliey 
are nibl>?d <»lf, and then float tlirough the air. Some of the cells are smaller 
and roundeil, and ai*e 4 ^either nnchu or are from some parts of the air-tulws. 
Fragments of cotton fibre, wool, A:c. &c., an:*, also found. Tlie plate shows 
some of these objwts found by Messrs Hewlett, Stanley, and Reed in the 
barracks at Gravesend, (»See tig. 7, p. 70.) 


A ir of Si'rk Eoovu. 

In addition to being vitiated by respiration, the air of sick it>oms is 
contaminated l>y the abumlant exhalations fn>m the lyodies, and by the 
eflluvia from dis(*harg(»ii excretions. The quantity of organic matter is 
know’ll to imiiumse, but it Is ditlicult at pnvsent to give a quantitative 
statonumt. Moscati, who (in 1818) condensiHl the w'atery vapour of a warti 
at Milan, describes it as Inung slimy, and as having a marshy smell, Tlie 
jwuliar smell of an lumpihil is iiulet^ very nnnarkabU*, and its similarity in 
hospitals of <liflcn»nt kinds scnmis to show that the odorous substance has a 
similar composition in many casi«. llie reaction of oxone apjiears not to be 
given in such an atmosphere, 

Deveigie found an “ immense' amount of organic matter in the air in the 
vicinity of a patient with hospital gangrene. 


♦By A)iiimUnt-8un;«H)ii6 Hewlett (Bonitwy Armyb Stanley (Staff), Bajraes Reed (12th 
liegitnent), Innee (IStii l^neere), Venning (let UfeOuarde), ana Martin (Btam. 

*r la ttaing tlieae uitiubere. It tnuel be remenil>ered tbnl they involve an awmmpiion of the 
equality of notion of etigar and organic matter, U ia perhap aafer to express the relation 
dlrecUy Itetween the pemanganate and organic matter by stating the amount of air necesaar>’ 
to decolorise a definite amount of permani^nate. 
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The dust of a ward in St Louis iii Paris was discovoied by Chalvert to con- 
tain in one experiment 36, and in another 46 per cent, of organic matter, which 
consisted chiefly of epithelium, and when burnt had on odour of honi. 

Much interest was excited in^l849 by the discovery by Drs Brittan and 
Swayne of Clifton of bodies very like fungi in the air of a cholera ward ; later 
researches have made it by no means unlikely that iliis observation w^aa j)er- 
fectly correct, though the connection between these fungi and eliolora is still 
t{uite uncertain. In 1849, also, Dr Dundas Thomson drew the air of a cholera 
ward t hrough sulphuric acid ; various suspended substances were arrested : 
starch, woollen fibres, epithelium, fungi or s})orcs of fungi and vibrionos. 
Some of these bodies were fouml, liowever, in tlu* open air. 

The scaly and small roumi epithelium found in nu>st rooms are in laige 
quantity in hospital wards, and ])i*(d)ably in cases where there is much expcMV 
toration or exposure of pus or puriform fluids to the air, the quantity would 
\ye still larger. 

(’Considering that the pi euro-pneumonia of cattle is probably propagated 
thix)ugh the pus and epithelium cells of the sj)uta passing into the air cells 
of other cattle ; that even in man thert^ is sonn^ evidenct^ of a pneumonic or 
j>hthiai(yil disease being contagious (Bryson — (.'uses in the Mediterranean Fleet), 
the floating of these ccdls in tlie air is worthy of all attcmtioii. It may ex]>lain 
some of those curious instances of phthisis being apparently communicaUHi. 
In military granular conjunctivitis (gray graniilations), the remarkable effeset 
of ventilation in arresting the sprcjul (8troiiu*jer) seems to sljpw that we have 
here a similar case, and that ventilation ac^ts by diluting, oxidizing, and 
< Irving the cells thrown ofl‘ from the conjunctiva*. In many other diseases 
somew-hat similar conclusions (%an be dmwn. 

PrcnlueU of C(nnhustio}i, 

* ^ 

The products of firing p?iss out into the atmosphere at large ; those of 
lighting are for the most ]>art allowed to disseminate in the room. 

Omt of average (puility givas oif in combustion — 

1. Carlwn. — AlKiut 1 jier cent, of the coal is given of!' as fine carbon 

and tiitry particles. Angsts iSmith found in the air of Manchester 
1 gniiii in a cuIk? f»f 17,853 feet. 

2. CaTl)oinc Acid. — In Old l^ms, Boussingault calculat<;d that 2,500,000 

cubic uietn^s of were given out tWun combustion alone, and in 
Manchester, Angus Smith has calculated that 15,000 tons of car- 
bonic acH are daily thrown o\it. 

3. CJarbonic Oxide. — The amount depends on the perfection of combus- 

tion. 

4. Sulphur and Sulphurous and Sulphuric Acids. — The amount of 

sulphur in coal varies from | to 6 or 7 per cent. In the air of 
Manchester, A, Smith found 1 grain of suljdiuric acid in 2000 and 
1076 cubic feet. Owing to the presence? of th(^* acids, the air and 
water falling through it have an acid reaction. 

5. Sulphuret of carbon. 

0. Ammonia and sulphide of ammonia. 

7. Hydro<sulphuric acid (sometimes). 

B. Water. 

From some manufiictories there pours out much greater quantities of S(i.^ 
(copper works), arsenical fumes, &c. 

For complete combustion, 11b. of coal demands about 240 cubic feet of air« 
It was ^culated by Boussingault that ^ millions of cubic metres of car-^ 
bonic acid gas were produced daily in rmi» (old boundary). 
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Wood produces carbonic acid and oxide and water in large quantity, but 
few compounds of sulphur, lib of dried wood demands about 120 cubic 
feet of air for complete combustion. 


Coal-gas is composed of : — 


Hydrogen, ..... 

40 

to 

45*58 

Marsh gas (light carburetted hy<lrog«m). 

35 

to 

40 

Carbonic oxide, .... 

3 

to 

0*6 

Olefiant gas (ethylene). 

3 

to 

*4 

Acetylene, ) 

2 


*3 

IVtryiene, | • 


W 1 


HiilphiiretU^d hydrogen, 

2 

to 

•3 

Nitrogen, ..... 

2 

to 

2*5 

( ’arhonic acid, .... 

Sulphurous acid, | 

Ammonia, or sul])hidc of ammonium. 

3 

to 

3*71 

•5 

to 

1 

Bisulphide of carbon, j 





111 some tuialvsos the carbonic oxidii luis been as liigh as 11 per cent,, and 
the light (iarburetUHl hydrogiai 50 ; iii such castes the amount of hydrogen is 
small. 

When the gas is partly burnt, tlie hy<irogen, and liglit and liea\" 5 ^ ear- 
lamdied hydrogens are almost destroyed; nitrogen (07 j>er cent.), water (IG 
pc*r cent.), f^rho^c acid (7 ]mt cent), and carbonic* (»xide (5 to 0 per c^nt), 
with sulphnrons acid and ammonia being th(‘ ]>rincipal resultants. And tlmse 
products escape usually into the air of rooms. 

Acoordingto the quality of the gas, 1 cul>i(‘ foot of gas will unite with from 
‘9 to 1*04 cubic feet of oxygeui, and pro<luef*s on an avenigc^ 2 culiic feet of 
carbonic acid, and from *2 to *5 gnuus of sulphuroms aci<l. In other w'ords, 

I cubic foot of gas w ill destroy the entire oxygen of about 8 cubic feet of air. 

Oil . — A lamp with a luodenitely goo<l wick, burns about 154 grains of oil, 
[>f‘r hour, consumes the oxygen (d uIkuiI 3*2 cubic hiet of air, and produces a 
little moixj than J a cubic foot of carlxuiic acid ; 1 lb of oil demands from 140 
to 160 cubic fwt of air for complete combustion. 

A candle of 0 to the Ih., burns inir hour alK)iit 170 grains, 

ITie product of the comhustioii ofcojd and w’ood ]uiss into the atmosphere 
at large, and usually are at once largely diluted. Even in the smoky air of 
Manchester, tho carlionic acid thms not exceeti on an average the normal 
amount (Roscoe). Though, on a v(*ry still tiny, ISinith has found it as high as 
1*2 pr 1000, in lA>nd<»n; (m a windy day, it wits *3, and probably is not often 
alwve *5. In Manchester, Ros<xhj found a mean of *39 volumes per 1000. In 
a densc3 fog in ManchesU^r the amount was *6 per 1000. Mcau for Loudon, 
was *37 1000 volumes In Paris, Bimssingault calculated that the whole of 

the enormous amoiuit of carl>onic acid ibmuHl in tw’onty-ft>ur hours was die- 
si}>ated in the same time. At Madrid, however, the olm^rvations of Ibunon da 
Luna show tliat miration is less complete, and that the amount of wbonic 
acid averages *517, and may reach *8 i>er lOOfTvoluines. Still dilfiision, and 
the ever moving air, rapidly purify the atmosphere frmn carlx)nic a<iil 

It is not so, however, with the sus{HUided carbon and Uirry matters, which 
are too heavy to drift for, or to ascend high. As a rule, the jmiiich^s of carbon 
are not found higher tJian 600 feet ; &nd the way it accumulates in the lower 
strata of the atmosphere can be seen by looking at any lofty building in 
Ijondon. The air of London is so loadeil with carkm, that even when there 
is no fog, particles esan be collected on Ponchet’s aerometer, when only a very 
stnall quantity of sir is drawn ttirongh. 
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Sulphurous and sulphuric acid, also appeai‘ to be less rapidly removed^ as 
Angus Smith found a very j>erceptible quantity in the air of Manchester ; and 
the rain water is often made acid from this cause. 

The products of gas combustiin are for the most pari; allowed to escape 
into rooms, but certainly this should never l>e allowed. 

Products of Semojc Moffct\ 

Ordinary I^ndon sevrage disengages from 1 to 1 J cubic inches of gas per 
hour, per gallon (T^theby), consisting of : — 

Light carburetted hycbogen, . . 73 per centw 

Carbonic acid, . . , 16 

^^it^ogen, . . . . 10 

Sulphuretted hydrogen (variable), . . 2 to 3 cent. 

Ammonia and sulphide of ammonium, 

A putrid organic vajKiur, . 

The liquid which collects on the walls of sewers is alkaline from ammonia, 
and very offensive from orgjinic matter. The organic vapour is carbo-am 
moniaeal. In sewer water this putrid substance is found to contain mom 
carbon than methylamine ~ N and less than ethylamine 

(C,H,X) = N (14Ae).--(()dUng.) 

The ,air in stivers vaiie^s of course very much according to ventilation. It 
is often alkaline fVom ammonia. Tlie oxygim has lH*en knf)wn to he re 
duced Uy 13*5 per cent., or to be in nsii.al (piantity. I'lie cijp-boin^^ acid may 
reach 2 or 3 per cent., and the sulphuretteil liydrogen 3 cent. (Parent 
Duchatelet) or more ; amnioniu or sulphide of nmmonium isgenemlly present. 
Organic mutter reckoned in Angu^^ ‘Smiths mo<le (1 grain « 1 grain of sugar 
in the effect on permangrinab* of potash), may rt'acii 1 gniin in 66 cubic feci 
Fungi and germs of infusoria hIkjuikI, an<l Uicat and milk taint rapidly when 
exposed to sewage air. The putrid vapours an> very rapidly abw)rl>c^d by 
charcoal. 

The as]>hyxiating gases of wwers appear to car>)onic acid gas, and sub 
phuretted hydrogen, and sulpliidc of ammonia existing in large quantity. 

A/r of Church yards and Vaults, 

Tlie dtx'omix^sition of bcxlics gives rise to a very large amount of carbonic 
sicid. It has IkslUi calculated that when intramural burial was can‘ie<l on in 
London, 2| millions of cubic feet w'tire. ilisengfigcHl annually fmm tlie 52,000 
1>odi(js then burifxl. Ammonia, and an offensive putrid vapour att! also 
given off. The air of most cemetcuies is richer in carlionic ac’id (*7 to *9 per 
1000, liamon da Luna), and tlici oiganic matter is jM^rceptibly large w*hen 
tested by jK^rmanganatt! of pobisli. 

In vaults, the air contains much cjirbonie acid, c^arbonate or aulfdiide of 
ammonium, nitrogen, hydrosiilphuric acid, and organic matter, AValler J^twis 
found little 8II, or < ‘11 ; or cyanogen, or phosphoretted h3'drogen. In his ex- 
|>eriments, the gas always extinguished flame. 

Fungi and germs of infusoria alxiund. 

Gams and VajmirB ytven out from certain Trades, 

Hydrochloric acid gas, from alkali works. 

Sulphurous and sulphuric acJds, fi*om copjKjr-works^bleacdnng. 

Sulphuretted hydrogen, from several chemitul works, wspociaUy of ammonia. 

Carbonic acid, carbonic oxide, and sulphuretted hydrogen, from brick'fields. 
and cement-works. ^ 

Carbonic oxide (in addition to above eases), from iron frimaces, give 
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me from 22 to 25 per cesi. (Letlieby); from copper furnaces, 15^ to 19 per 
cent (Leiheby). 

Oi^ganic vapours, from glue-refiners, boiie-buniers, slaughter-houses, hackeries. 

Zinc fumes (oxide of zinc), from brassfouiUiers. 

Arsenical fumes, from copper-smelting. 

Bisulphide of carbon, from some India-rubber works. 

Air of Maraheg, 

The air of typical marshes contains usually an excess of carbonic acid, which 
amounts, perhaps, to ’6 to *8 or more per 1000 volumes. Watery va}K)ur is 
usually ill large (quantity. Sulphuretted hydrogim is prt*sont, if the water of 
the marsh contain sulphatjs, which, in presence of organic mattjr, are con- 
vertfcd into sulphiu’ets, from which 811 is dcrivi'd by the a<^;tion of vegetable 
acids, (./arhuretted hydrogen is also often present, and occasionally free 
hydrogen and ammonia, and, it is said, phosphoretied hydrogen. 

Organic matter also exists in considerable quantity. Discovered by Yau- 
queliu (1810 and 1811, in the air cullecU*d over the Dauguedoc marshes by 
De Lisle), and again by Mijswiti (1818 in the air of a Lombardy lice field), and 
examined mure recently by Boussingault (1829, 1839), Oigot (1859), and 
Ik*cehi (1801), tin* organic matbu* seems to have mueli the same character 
always. It blackens sulphuric acid when the air is drawn Uiroiigli it ; giv<is a 
reddish colour to nitrate of silver ; has a Hocculent appeai-jlfcce, and .sometimes 
a peculiar marsh)t siiu‘11, and, lieated with soda-lime, affords evidence of am- 
monia. The amount in Jtechi s experiments wm •U()U27 gramme.s in a cubic 
m<itre of air ( s=: *0001 18 grains in 1 cu!>ic foot). ( )zone, led throiigli a solution 
of this organic matUu*, di<i not ilestn»y it. Besides this organic matter, variou.s 
vegetable luattem and aniuads, floating in the air, are arrested wlien tlie air of 
marshes is diuwn through water, or sul]»iimic acid, and debris of plants, infusona, 
insects, and even, it is said, small Crustacea are found ; the a.scensional fone 
given by tlie evaporation of water seems, iiuleed, to be suflicient to lift eom- 
panitively huge animals into the air. It has been stated that ozone is d(*ticient 
in th(? air over marslies, but tin* observations of l>urdol (Keclierches sur ie« 
tiiNvix^s paluditennes, 1858) <lo not contirm lids. Tie ofUui found as much ozone 
Jis in other air. In the air collecWd fix)iu the. surface of lakes, containing 
some aquatic, jdants, esjaviully the chain, there is a large proportion of oxygen, 
and this air givi^s, near the surface, the nnetiori of ozone ((deuiens), while at 
«<»m<? feet ulnn^e the reaction is lost. This is usually ascriUjd to the oxidation 
(»f oi-ganic maiUT, which rises .simultaneously from the w ater. 

Air in ihe Iloldit of i 

The air in the holds of sliijw is comiMmnded of exludations fnmi the \vo(m1, 
bilge-water, ami cai^o. < )wing to the usual coolness, and comparative im 
mobility of the air, it often iH comes extremely foul. The <*om})osition is not 
known, but tlu^ smell of sulphuretted liydrt^geu is very jiei'ceptibh>, and wliite 
paint is blackened, ^ 

8ECTTON lY. 

FERMENTATIVE OR SEFflC CONDITION OF THE ATMOSPHERE. 

The oTiservations of SchmHler, ami esjHKnally of Pastejir, ai*e likely to have 
a im{H>rtaiit mfiueuco on the doctrines of Etiology. It must now be 
miinittod tliat countlm germs of vegetables and infusoria exist in the air, and 
doveloiie whenever they find an appropriate nidus. The gonns of Bacterium 
are in immense abundance ; those of the Myrodmm^ Mtmdinm^ and 
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Torulm art also veiy commou. According to Pastear^ duriiig this development 
they produce those chemical ctianges which have ordinarily been referred to 
the action of oxygen alona Some of these infusorial ferments, such os the 
Bacteria, require oxygen for their action ; others, like the Vibrios, devdope 
only when tliere is no oxygen. In either case, all tliat tliey require is an 
oi^ganic menstruum, and then either the one set of ferments or the other 
comes into play, and either produces the fermentative changes arid putrefac- 
tion, or invariably accompanies them. The amount of these germs in the 
air appears to be in pro{>ortion to the organic impurity of the atmosphere, 
since organic fermentable liquids change very slowly, or not at all, when 
exposed to calcined air, or to the pun? mountain air,* i)ut very rapidly when 
exposed to vitiated air. A putrid emanation, acting for a very short time, 
suilices alone to change milk (Sanderson), or to commence putrefaction in 
meat. Accoixling to Pasteur, different kuuls of chemical change are brought 
about by different germs; the alcoholic fermentations by the Torula; the 
acetous fermentation by the Af^coJerma nceti ; the lactic at^id by another 
kind ; the butyric acid fermentation, not by a vegetable but by a Vibrio, wdiich 
can not only live without air, but dies in it. 

The im|K)rtance of the siqdic coinlition of the atmospln^nj, as Dr Sanderson 
has tenned it,f is that it is ]M)ssible that it may found to be concerned in 
some of the so-calbxl zymotic (li»<.»ases. It luis been lately asserted by J )avaine,J 
that the “ sang de fafe,” or splenic apoplexy t>f th(» shtH*p, is coving to the pre 
sence in tlie IdoiKl c»f Biict(.‘ria, and that sb^ep, nebbits, and horses can be 
iuncKUilated by transferring the Jkw‘teria. The Psicteria is marie up of stmight, 
tjyiiiidrical, stiff, fr*e filaments. ^ an<I of a millimetre* in lerijirihf 

and of extrtune Ihiiiiiess. They mpirlly aksrnh oxygen, and are destroyed by 
putrefaction. iSulphurir; aci«I nwJ Jiqum* |«rtas.Hie d<» not rlcsstroy them. I tavaine 
found tlu'jn in the hlor)il of ti <lisras<‘rl .nhe^ep, laoer in the blood of sound sh<*cjp. 

On so difficult a subject as the ru'igin of the contagious diseases, it is not 
safe h> make at present any emijectures ; but if M. Jhivaine’s .stnU*meiit 1 m‘ 
t!onfinned, one contagious (iis«.*a.4e, at any rate, is t cumwded with septicitj of 
the air. 

Ibew genus an? not destn>yetl except at a very high t<‘mperaturo. I'be 
Bacterium ferma requires a heat of 212' Pahr. to kill it, and the s|»oms of tin* 
Mucidiues 240” Fabr. A temjK^ralure of 2G2'' Fahr. kills idl, Mendy filter 
ing the air, by drawing it through cotton w'otd, will eleanse it from many 
infusoria (*Schra‘der). 


SECTION V. 

METHODS OF PUIilFVlNG Alll. 

Hie great purifying actions of Nature are diffusion, dilution, transference by 
winds, oxidation, ami the fall of rain. Some of the.se ])ovvers are brought inU» 
play by ventilation, prescmtly to le cf»nsider<*d. 

A]>art from ventilation, liowever, we. (*an, to a cj^rtain extent, purify air by 
chemical agency, tliough this must always lx? looked upon ns <‘ntindy suW 
diary to ventilation. 

Heat — The ap})lication of heat to disinfect clothing tvas pn>jx»sefl by Dr 
Henry in 1832. It is to l e presumed, thercjf(*re, that tljo wune amount of 
heat w^ould purify air. Dr Heniy disinfecktl satrlet fever clothing by ex 

♦ Onthifipfunt PafiUnF» olKiervations have been duniwi hy others (rtmehet, bat 
naianc« of eWdeiKf* to \m at in his favour. 

t rUiview on the Hygiene of Hat>ilaticm«, in the Brit, and For. Med. Chir, Kev., Oct. 

t Conipte Kendu de pAdd, Juillet, 
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l>o«ure to 212^ Fshr. ; woollen clothing from pli^e patients, after heiug heated 
24 hours from 144® to 167® Fahr., was worn with impunity by 56 healthy per- 
sons for 14 days. It is believed that the cessation of the plague in l^pi, 
after St Johirs day, is due to the increasid heat ; but possibly the hygro> 
metric condition of the air may have more to do with this. It has also been 
surmised that the yellow fever poison is destroyed by an intense heat. 

DimnfectanU or JJeocloranU. — Neither of these terms are good, or express 
the exact or entire truth, but it is difticult now to change them. 

To affect the composition of the air, wo either use solids, liquids, or gases. 

1. SOLIDS. 

Dried eartli, lime, charcoal, and carboktes (phenates) of magnesia and lime 
are the principal solids. 

Of these charcoal is the most effectual ; it presents an immense surface to 
the air ; Uie ]K)rosity of beechwood charcoal is such that 1 cubic inch equals 
100 square feet of siirfac^e (Liebig) ; it siqwiraies and absorbs oxygen from air 
(Bennebier, quoted by Chevallier, “Traite dos Desinfect,” p. 146, and A. 
Smith), and «»xytiizes mpidly almost every substance capable of it. Its action is 
not indiscTiminate, but elective (A. Smith) ; when charcoal wliicli has ahsorI)ed 
oxygen is wanned, it gives off carbonic a(*id (A Smith), a proof of its great 
oxidizing |)ower. Exposcnl to the air in bags or shallqjv jmns, it absorbs 
rapidly and oxidizes organic matter ; its effee.t is especially marked with sew« 
ago gos^is, and with the organic emanations in dibcase. It also absorbs sul- 
phuretted liydrogeii. 

Of the different kinds of cliareoal, th(< animal charcoal law the highest 
reputation, and then peat-. Iliit the carbon left in the distiiktion of Bogluad 
coal has been stated to be even better than animal charcoiil.* If vegetiible 
charcoal be used, it should be rather fim*ly pow(lere<l. The disinfecting 
qualities ofcliarcoal or air scaretdy lessen with time. The use of charcoal in 
this way sliould be a mutter of routine in ail hospitals, even the ])est venti- 
(.‘luiR’oal filters to Ihj placed befon* the mouth have been rticommended 
by Hienhouse, and might be useful in cases i»f very impure air. l>ried marly 
earth is much inferior to chai'coal, but still can be employed in the absence 
of the latter. 

Quicklime iibs<*rb.s cjirboiiie acitl, ami perhaps compounds of sulphur, ami 
Ijas Ihjoii eiuployed fur that purpose*. 

(krlK»lates of linui and magnesia have been also used : their exact effect on 
the air passing over them is m»t, 1 believe, known. 


{(l) Solutions of [Hu-iuangjinate* of pot;tsli, chloride of zinc, nitrate of 
lead, and percldoride tif in»n, and a mixture of sulphate of zinc ami 
sulphate of copjH^T (Luiaude’s di.siufeclant), give off no vtdaiile sub 
stauceii, and act merely on the air wlitch coineis in ixmlrn’t with them, Tht‘ir 
effect therefore is limibHi ; ami if they are usiMf; the solutions nuist phicexl 
in flat shallow vtssels, so jls to ex|Hise a gn.*at. surface to the air, or cloths 
dipj^d in the solution nmst In* Imng in the mom. 

NUmte of Lf‘W, or li<Hloyeii’'8 Fluid, is rnwle hy dissolving lib of litharge in 
about 7 ounwjR of stmng nitric acid and 2 giillons of water : a little of the 
wate'.e is mixed with the litharge ; the a<*id is gratlually arldt^l, and tlien Urn 
rest the water. This quantity will <hwxlt»rise a mo<lerate-si*ed cosbjkioI. 

* ChevaUkr ^ Traits den Di^ftintVUnt^,. p, l43. 
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It act$ rapidly on sulphuretted hydrogen, and can be deiwaded upon for this 
iwpose. 

Chloride of Zinc, — Burnett’s fluid contains 25 grains to every jftuid dmclim ; 
1 pint is added to a gallon of vaster (1 to 8). It is usually said to decom- 
pose sulphuretted hydrogen until the solution becomes acid, when its action 
ceases ; but Hofmann flnda that it does not act on free sulphuretted hydro- 
gen, but on sulphide of ammonium, Ibnning sulphide of adnc and chloride of 
ammoniuiu It destroys ammoniacal compounds and organic matter. The 
sulphates of zinc and copper decompose hm sulphuretted hydrogen, with for- 
mation of metallic sulphide and water. 

Permanganate of Potash or SckUi (Condy’s fluid) gives off oxygen, and 
destroys organic matter mpidly ; ammoniacal compounds are at once decom- 
jwsed. The penuanganate of soda taken into the mouth destroys at once 
the oilour of tobacco (Hofmann). 

Perchloride of Iron (Fe/^IJ destroys sulp]iurett(?d hydnjgen and sulphide 
of ammonia, iu both cases setting free sulphur. Hofmauu gives the formula ; 
4- 3[(H,X),S] - 2(Fe>S) + Gll.NCl + 8. 

(b,) Chloridcjs of lime and soda, nitrous acid, solution of sulphurous luud, 
pyroligneous acid, act oj\ the air chiefly or entirely by the gases whicli pass ofl 
from them, and their efi'ect are considered under "that lu^ad. 


* 

3. OASIii. 


The evolution of gsises into tlio air is the most iK>werful means of purifying 
it independent of ventilation. The princijial gtises arc clilorim?, hyponititiua, 
nitrous, and sulphurous acid, ammonia, m*etic mtid. 

Chhrine.—i Vixen off from chloride of lime, moistemMl with water, ami 
place<l in shallow vessels, or from chloride of stahi, or evidvcHl at once. 

Pre/Ktration <f Chlorine . — Four |«irts by weight of strong hydrtKdiloric acid 
<ii‘e j>oured on 1 part of jwwdere.d binoxide of manganese, or mix 4 i^iis of 
common salt ami 1 [.>art binoxide of manganese with 2 parts by weight of 
sulphuric acitl and 2 of water, and heat gently. Acctjrdiug to the size of 
the room, the actual weight of the substances itikeu must vary. 

A still betU‘r plan is to take 2 tahlespoonsful of common «ilt, 2 t<» 44 «poon»ful 
of red lead, half a w'inc-glassful of sulphuric aciil, and a (piart of water. Mix 
the lead and wilt wdth the water, stir well, and add the SOj gradually. 
Chlorine is evolved, anti is absorlK^d by the water, from wliidi it is slowly 
given out. It may be kept in a jar or sUipjKjred Iwtiie, left open as occasion 
may retjuire.* 

Chlorine dccojnjx>ses .suljdiunittcd hydrogen and sulphide of ammonium at 
once, and moni certainly than any other gjis. Its effect on t)rganic matter is 
not quite certain, but it probably destroys it, as it ble 4 i 4 :hes organic pig- 
ments, and dostro^'s organic oiloura, either l»y abstnu?ti ng hydrogen, or by in^ 
directly oxidising. 

Jodim can be easily difi’used through the atmosfJiere by phuung a small 
quantity on a hot plate. It will ileconqiose SH, and dc^stroys, therefonj, 
much odour. Its action was investigated by Duroy in 1 854, t who showed 
that it is a powerful arrester of putrefaction. It has l>een w^wfinmended, 
esi)ecially in simillpox, by 1 )r Iiicliarfls(»n aiul Mr llofl'maitu ;t ^»^it at pmaent 
more evidence is w^anted to yirove that it will destn^y the virus. As it 
mmhnms easily, and does not prol>abIy diffuscj everywheR* like chlorine, 
it might lie expected to I»e less useful than chlorine. 


1 of Pharmacy and TUempewUciii/" isr»8, \x 

t CherolUer Traits dm DltsinM. p. 19. ♦ tfHt Ued. Jour. thr.. 5. im. 
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Niirom Add* (NOj) can be evolved either by placing nitre in sulphuric acid, 
or more simply, by putting a bit of copper in nitric acid and a Uttle water. 

The efficient action of nitrous acid is very great on organic matter— it 
removes the smell of the doadhouse sooner th^ any other It is rather 
irritating to the lungs, and, in some persons, large quantities of it cause 
vertigo, nausea, and even vomiting. If possible, when it is used, the rooms 
should be cleaied ; if not, it should be disengaged slowly, 'which can always 
be done by diluting the nitric acid. 

The action o# nitrous acid results from Uie ease with which it parts with 
one equivalent of oxygen to any oxidizable substance, being converted into 
binoxide of nitrogen, which again at once combines with another atom of 
oxygen l^m the air, which it again gives up, and so on. 

Sulphurcms Acid, — Most easily evolved by burning sulphur. It decom- 
poses sulphuretted hydrogen (80^+2 HSa3 8-f 2 HO), and also combines 
with ammonia. It has also l)ocn supposed to act powerfully upon organic 
matter (Graham), and prolmbly does so if ammonia is not present. Guyton 
de Morveau, who studied the action of this acid, was of opinion that it com- 
pletely disinfects miasms, and gives some evidence on this jx^inif 

Vinegar and Ammmia, — The vai)our of vinegar is an old remedy, and was 
much employed by Howard in the purification of jails ; the efficient agents 
were probably heat and ventilation, which Howard made use of at the same 
time. The vinegar would, of course, neutralise? any annuoniacal vapours w^hich 
might be in the air ; whether its action would extend l>eyond this is doubtful. 

The vapour of ammonia would not a 2 >rkm seem likely to be at all a disin- 
fectant. Payen, however, Ixdieves that it has an effect on malaria, the evi- 
dence, however, meixdy being, that periodic fevers have diminished in certain 
districts in France since the establishment of manufactories in which ammonia 
is evolved. But so many other possible causes of this diminution suggest 
themselves, that the evidence must be considered very slight. 

Of the three important gaseous disinfectants, chlorine, nitrons acid, and 
sulphurous acid, the nitrous acid is probably the most powerful, hut it is use- 
ful to employ all three, alternately, or even together. The use of such agents 
can never 8Ui>crsexle ventilation, and if they were allowed to do so, their em- 
ployment would be more hurtful than otherwise, but, as auxiliaries to ven- 
tilation, wo ought not to negle(*t them. 

JSffeet of the. Gamom Dmnfectante on the Sjyedjtc Diseases, 

Cholera . — Many experiments made in Austria and Hungaiy, in 1832, 
seem to prove that chlorine diffused in the air has no action on the spread of 
cholera, Mr Herapath, of Bristol, asserte<l, in 1849, that it was a complete, 
preservative ; but the Hungarian experiments are much more conclusive., in- 
asmuch as they vrere positive, and not negative, results; that is to say, 
chlorine did not prevent the outbreak of cholera. Charcoal alst^ so far ai>- 
pears inert, that in the Crimean war cholera prevailed severely on board a sliip 
loaded with charcoal, and Dr Sutherland informs me it is quite useless. Bamon 
da Luna has asserted that nitrous acid has really a preservative effect, and that no 
one was attacked in Madrid who used fuiiiigatioiis of nitrous acid. But negative 
evidence of this kind requires to be on a very large basis to prove such an action. 
At the same time» the met should certainly lead to a fair trial of nitrous add 
Aimes in fiU cholera epidemics. In none of the trials, however, were tibe 
substances added to the stools ; they ware merely diffused in the air. 


odd of soms writers. 


t Cbevsllier, TmtU dee Bdeinfect, p. 24. 
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The nitrous iicid fumes were tried very largely 
towards the close of the last century and the Ix^ginning of this, in the hulks 
and prisons where Sj^^anish, French, and KusHiati priwners of war were con- 
fined* At that time, so rapidly did tlie disease spread in the confined spaces, 
where so many men wore kept, that the efficacy even of ventilation was doubt^ed, 
though there can be no question that the amount of ventilation which was 
necessary was very much undi^rratetL Both at Winchester and Sheemqj^ tlm 
circumstances were most difficult; at the latter place (in 1785), in the hulk, 
200 men, 150 of whom had typhus, were closely crowded togeiher ; 10 females 
and 24 men of the crew were attacked ; 3 medical officers hati died when the 
experiments commenced After tlie fumigations, one attendant only was at- 
tacked, and it appeared as if the disease in those alrt*ady suffering became 
milder* In 1 797, it was again tried icith success, and many re[»orts were 
made on the subject by army and naval surgeons. It was subseqiiently 
largely employed on the Continent, t and every when? seems to have been useful 

There can be no doubt, in fact, that the evolution of nitrous acid slumhl 
be practised, as a matter of course, in fever wards, proper precautions l>eing 
taken to difihse it equally though the room, in not too Largij quantities. 

Hydrochloric acid was emjdoyed for the same purpose by (liiyion dt> 
Morv-eau, in 1773, but it is doubtless much inferior to nitrous acid. Chlorine 
has been also employed, and a]>parently with good results.} 

Yellow FeiJer, — Fumigations of nitrous acid were em]»loyed by Ibunon da 
Luna, § and it is asserted that no agi?nt Mas so effectual in arresting the spread 
of the disease. 

Dymydery , — It is M’oll kno\vn that dyscnter}% and esjwially the putrid 
dysentery, may spread through an hospital fnmi the practice of the same 
close stool or latrines l)eing us^mL As long ago as 1807, fumigations of 
chlorine M’ere used by Mojon || to destroy the emanations from the stools, and 
with the best effects. 

Nothing precisi? is knoMTi restK>ctmg the effect of fumigations on the poisons 
of typhoid fever or of the exanthemata. The statement of the efficiemy of 
iodine diffusefl in small j>ox rooms has already Iwii referrtHi to. 


HITTIOS V. 

DISEASES PRODUCED BY IMPURITIES IN AIR. 

Tiiat the breathing of air n^ndered impure fmm any cause is hurtful, an* I 
that the highest degrtH? of health is only possible when t<^ olher favourable 
conditions is added that of a projHjr siqqdy of pimj air, might be inferit*il 
from the physiological evidence of the panitnount imjK>rtance of pro|M*r 
aeration of the blooil. Exj>erience strengthens this inference. Statistical 

* It was used at Winchester, in 17S0, by Carroiehael Smith, and a#?ain at ^hcnmawis, in 
1785, Smith published several amounts An account of the ext*erime«t made at the desire 
of the Iioids CommissYoners of the Admiralty. By J. C. Smith, 17&G.” 

t dievallier, Tmit4 des Disinfectants, pp. 39, 40. 

i Ibid., pp. 14, 15. 

I Ann. uTlygitoe, Avril 1881. 

\\ His words, as quoted by CJbevsllier, are interestinK dysenterv liecame cnnlngious 
in the hospital at Genoa ; almaat all the sick of my division, nearly were attocked ; atnl, 
as we know that this disease, when contagious, is comnninkabui oniinarlly fmm one i»emm to 
another by tlie abase which exists in all hospitals of making the same Uinnes serve for all the 
sick of a ward, I wished to see if fnmigatious of cliioiine had Uie power of destmying these con- 
^ous exlialations. 1 tlterefore eause<l fumigations to be used twice tlaily in the hdrlnea, and* 
^ was able to destroy that terrible swmrge which already hwl made son^e 
vtctuns. It appears that the chlorine was, therefore, in the air, and not adM to tlm stools. 
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inquiries on mortality prove beyond a doubt that of the causes of death, 
which usually are in action, impurity of the air is the most important. Indivi- 
dual observations confirm tiiis, I^o one who has paid any attention to the 
condition of hmlth, and the recovery from disease of those persons who fall 
under his observation, can doubt that impurity of the air marvellously affeds 
the first, and influences and sometimes even regulates the second.^ Tlie 
average mortaJity in this country increases tolerably regularly with density ol' 
population. Density of population usually implies poverty and insufficient 
food, and xuihe^tby work, but its main concomitant condition is impurity of 
air from overcrowding, t deficiency of cleanliness, and imyjerfect removal of 
excreta, and when this condition is removed, a very dense and poor popu- 
lation may be jierfectly healthy. The same evidence of the effect of pure and 
impure air on health and mortality is still more strikingly shown by horses ; 
for in that cast? the question is more simple on a(;count of the absolute simi- 
larity in different periods or j^laces of food, Avater, exercise, and treatment. 
Formerly, in the French army, the mortality among the horses was enor- 
mous. KossignolJ states that, pit^vimis to 1830, the mortality of the French 
cavalry horses varied from 180 to 197 per 1000 pesr annum. Tlie enlarge- 
ment of the stables, and the “ increased quantity of the ration of air,’^ reduced 
tlie l(»ss in the next ton years to 08 jier 1000. At prescnit it is said to be a 
little grcwiter than this, viz., 85 \m>t 1000, of which about 50 per 1000 is from 
glaiulors or farcy.§ But in some cases in the French anny a much greater 
ventilation has re<hiced the mortality still more. In the Italian War of 1859, 
M. M(mlin, the chief veb^rinary surgeon, kept 10,()00 horses many months in 
biuracks open to the external air in plaiie of clostnl stables. Scarcely any 
horses were sick, and only one case of glanders (x;curr<‘d.|l 

In the English cavtilry (and in English racing stablc^s) the same facts are well 
knowiL "Wilkinson^ iufomis ns that the annual mortality of cavaliy horses 
(which was formerly great) is now reduced to 20 per 1000, of which one 
half is from accidents and incunible diseases. Glanders and farcy have 
almost disappeared, and if a case occurs, it is considered evidence of neglect. 
The food, exerciwi, and general treatment Ixung the s:ime, this result has 
Ixsen obhiined by cleanliness, drpiess, ami the frc^c^st ventilation. Tlie venti- 
lation is thrtKjfold — ground ventilation, for drying the fioovs ; ceiling ventiia- 


* See th« chapter on ItoKpitab for detailed proof. 

t Set* l>r Puncaii'A evidence in the Health of To'^tbs Iteiwrta, vol. i. p. 131. On this ^x^int I>r 
(Jamlner has al«o bmught together sr»me gofnl evidence in his work on “ Public Health in rela- 
tion to Air and Water, ’* p. 6*2. ei .w/. 

The following part of biw table may be quoted i - 


PopidaUon to one nqttare lofto,,,*- Popalallon to one Minaro 

! mile ill dliiuiom ukc« ^ nUle in dintrlcta taken 

' in Enf^iaitd. ‘ «««««». 


in Eogfamd. 


Dealbfi per 1000 per ; 
annum. 


so 

100 

144 

149 

1S2 

202 

220 


IS M 

324 

22 

16 < 

4S5 

23 

17 '! 

IS 

1216 

24 

1262 

25 

19 ' 

2064 

2t5 

20 

• i 

2900 

27 and upwards. 


Admitting several eanaeoaro anting here, the increaoe i« so reguliur to lead to the belief 
tliat one mnd combtion mmi l)e dominant 
I d'Hygttne Mnitia«. Pm., 1867. 

I Waktawon-Jounijl erftte Rov»l Aj^ottHunil Society, No. 50, p. 81, ma. 

II Umy-Hygftne dee H^. Mfl. iSS, p. 6S. <|t Op.^t. 
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tiott, for discharge of foul air ; aad supply of air l»©n©ath the horses' noses, to 
dilute at once the products of respiration. 

In cowohouses and kennels similar faots are well known ; disease and health 
are in the direct proportion of foul and pur© air. 

The air may afiect health by variations in tlie amount or condition of its nor* 
lual constituents, and hy diffoiences of physical properties. These conditions 
will be consider^ in the chapter on Cumatjb, and in tliis pli^ I shall merely 
attempt a brief analyais of the effect of the different impurities on health. It 
will be seen that while the immense effect of impure air ca^ot be for a mo* 
ment doubted, it is not always easy to assi^ to each impurity its definite acUozL 
The inquiry is, in fact, in its infancy ; it is difficult, and demands e moi*e 
searching analysis than has been, or perhaps than can be at present, given. 
When impure air does not produce any very striking disease, its ipjurioiis 
effects may be overlooked. And in this, it appears to me, consists the fallacy 
of some of Parent Duchatelet’s observationa In many cases ho looked in 
vein for fever or for mai’ked diseasea But we now know that unless the 
speciffc cause be present, no mere foulness of air will produce a spmtic dis* 
ease. The evidences of impairment of health are a larger proportion of ill 
health — ?>., of days lost from sickness in the year — than under other circimi* 
stances ; an increase in tlie severity of many diseases, which, though not 
caused, are influenced by impure air; and a higher rate of mortality especially 
among children, whose delicate frames always give ns the best tost of the 
effect both of food and air. In many cases accurate statistical inquiries on a 
large scale can alone prove what may be in nudity a serious depreciation of 
public health, 

Bub-Section I, — 1. Suspended Matters. 

1. Mineral Suhttiance^, — A considerable numl)er of substances suspended 
in the atmosphere produce diseases from mere mechanical causes, such as 
ophthalmia or nasal catarrh, from irritation of dust, or bronchitis, from the 
inhalation of line fwirticles of cofd, sand, steel, or other metal, flocks of cotton, 
flax, hemp, or flne dust; and dyspe(>sia, from similar substanccts being;^swal 
lowed* The disease of the lungs ap|>ear8 in some case^ to run the course 
t)f phthisis, Imt in many instances it is chronic bronchitis, followed hy 
emphysema. A large nuiubc^r of the unliealthy trades are chiefly so from this 
cause ; this is the case in part witfi miners of all kinds. Mr Siinont siatfUA 
that, with one exception, 6ie 300,000 miners in England break down as a 
class prematurely from bronchitis and pneumonia, caused hy the atmosphere 
in which they live. The exception is most imjxjrtant. The colliers of llur- 
ham and Northumberland, where the mines are well ventilatcii, do not appear 
to suffer from an excess of pulmonary disease, or do so in a slight degree. 

In different mines, also, the amount of pulmonary disease, is different, 
apparently according to the amount of ventilation. 

In the pottery trade all classes of workmen are exposed to dust, especially, 
however, the flat-pressers. So common is emphysciiua that it is called ** the 
potters’ asthma.” 


foUowiagtrad«»~*The Effect*! of ArU, Trade*, and Professiotiii 
^ Health, 183^ p. oS:— The woitowi who were affected hijuriouaJy by the dual of their trades 


paaere, weeveta or coveneta, weaver* of haiding, dmeer* of hair, hattem employed in the 
^wijig depaitmeiit, dreeeers of colopjed leaUier, workers in flax, dreeaeie of hemp, ^me worker* 
m wood, waregrinde^ maeona, collier*, iron miners, lead minem, grinders of metals, flle ettUeia. 

AittJ® Jledkal Officer of the Privy Oonndl, ISfli p. lA, H m* See also 
AlHdge in 3. and P. Med. Caur. Rev. diUy 1864, for the effect* iff th^tely traS 
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So also among the china scoorera ; the light flint dust disengaged in great 
quantities is a iemble irritant** Dr Greenhow states that all sooner or 
later become asthmaticaL** 

The grinders of steeh especiallj of the finer tools, are perhaps the most 
&tally attacked of all, though of late years the e\^ has been somewhat 
lessened by the introduction of wet-grinding in some cases, by the use of 
ventilated wheel-boxes, and by covering the work with linen covers when 
practicable. The wearing of masks and coverings for the mouth appears to 
be inconvenient, otherwise there is no doubt that a great amount of ^e dust 
might be stopped by very simple contrivances. 

Button-makers, especially the makers of pearl buttons, also suffer from 
chronic bronchitis, which is often attended with hemoptysis. So also pin 
pointers ; some electro-plate workmen, and many other tr^es of the like kind, 
are more or less similarly affected. 

In some of the textile manufactures much harm is dune in the same w'ay. 
In the carding rooms of cotton and wool spinners, tliere is a great amount of 
dust and flue, and ilie daily grinding of the engines disengages also fine 
particles of steel ^ 

In flax factories a very irritating dust is produced iii the process of hackling, 
carding, lino preparing, and tow spinning. Of 107 oi)eratives, whose cases 
were taken indiscriminately by Ur Greenhow, no less than 79 were suffering 
from bronchial irritation, md in 19 of lliese there had been haemoptysis. 
Among 27 hacklers, 23 u’cre diseased.* Tliese evils appear to W entirely 
and easily preventable. 

The makers of grinding-stones sufter in the same way. 

In making Portland cement, the bunit masses of cement arc ground down, 
and then the powder is shovelled into sacks ; the workmen doing tliis cough 
a great deal, and often expectorate little masses of cement. I have l^een 
inibrmod by some of them that if they had to do the same work every day, it 
would lie im|K>smblc to continue it on account of tlie lung affection. 

In making bichromate of jxitiish, Uie heat and vapour employed carries up 
fine imrticics, wdiich lodge in the nose and cause great irritation, and finally 
ulceration, and destruction of both mucous membrane and bone. Those who 
take snuff esaipe tliis. llie mouth is not aifected, as the fluids dissolve and 
get rid of the salt Tlie skin is also irritaU*d if the salt is rubbed on it, and 
fistulous sores are apt to be produced. No eftect is noticed to be produeexi on 
the lungs, t Washing the skin wdth subace tote of lead m the l)est treatment 

At jireseiit it would apfKjar that tlie nature of the suspended substance has 
little influence ; the quantity, linen w, and irritating pixiperties (depending 
probably on the sharp angles of the particles) appear to lie the important 
{Kiiuts. 

In the process of sulphuring vinos, the eyes often suffer, and sometimes 
(especially when lime is used wdth the sulphur) dccide<l bronchitis is produccil 

In TOuo trades, or under circumstances, the fumes of metals, or jmrticles of 
metallic compounds, pass into the air. Brassfounders suffer from bronchitis 
and asilmia as in otlier trades in which dust is inhaled ; but, in addition, 
they also suffer from the disease described by Thackndi as brass ague,** and 
by Dr Greenhow as “ brassfounders’ ague.** It apjwars to be produced by 
the inhalation of fumes of oxide of zinc ; the symptoms are tightnesa and 
oppression of the chest, witli indefinite nervous sensations, followed by 
shivering, an indistinct hot stage, and profuse sw^eating. These attacks are 
not jieriodical 


• Mr Simoa's Fourth Keiiort, p. 10. 


t Chcvalber, Aim. dllygihae, July 1B6S, p. i 
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\ axe affected somewhat in the same way, by the fYunes arising 
from the partly volatilized metal, or from the spelter (solder). 

Tinplate workers also suffer occasionally from the fumes of the soldoring. 

Plumbers inhale the volatilized oxide of load which rises during the pro<iess 
of casting. Nausea imd tightness of the chest fire the first symptoms, and 
then colic and palsy. 

Manufactiu'ors of white load inhale the dust chiefly from the white l)eds 
and the packing. 

House painters also inhale the dust of white lead to a ceiiain extent, 
though in ttxese, as in former cases, much lead is swallowed from want of 
cleanliness of the hands in taking food. 

Workers in mercury, silverers of mirrors, and water gilders (men who coat 
silver with an amalgam of merciuy and gold), are subject to inercurialisinus. 

Workmen who use arsenical comjwuiuls, either iii the making of wall pa}.>er» 
or of artificuil flowers, S:c.y suffer from slight symptoms of arsenical poisoning, 
and many jxersoiis who have inhaled the dust of nx>m« papercxl with arsenical 
papers have suffered fibiu l>oth local and cotistitutional tdfecti^ ; the local being 
^ smarting of the gums, eyes, nose, tedema of the eyelids, and little ulcers on 
the exposed j)arts of the Iwdy ; the constitutionai being weakness, fainting, 
asthnui, anorexia, thirst, diarrhoea, and sometimes even sevftn* nervous symp' 
toms. Arsenic has been detectixl in the urine of such persons. 

2, Genn^ of Fowji\ ^ y ., /// the Ao\ — Tlie spe(rulatu)n9 wliieli 

have attributed the spi'oad of epid«‘mic diseases to the action ot* fungi* have 
regaiiml intcrCvSt since the invesUgiitions of Schnetler. Pixsteur, and l)avaitK*. 
The observations of tlie latti^r obseiver i>n the jvroduction of the spleni<’, 
ajwplexy of the sheep by the multi))li<?ation of l«u‘U»ria in the bioiKi, if 
eorrect, can lumlly without some etleet on our i>pinious r<»sjMicting 
analogous diseases. At juesent it can s<‘ar(a‘Iy be sfiid that this subject 
of propagation of thi? e]>i(lemic diseases by fungi has passed out of the realm 
of conjectuiv. 

Dr iSfilisbuiyt of Ohio has attimiod that the pn* valence of im^asles in ll»e 
Federal anny anjse from fungi on mouldy stniw. lie imK*,ulakHi himself, his 
wife, and forty other jxTsoiis with the fungi, and pihkIucchI a distjase likt^ 
measli‘s in from 24 i/> b6 liours. It is stsited also that this disetisi^ was 
prokx'tive against mcavsles. I have not yet .seen any conlinnatory r»bsen’a 
tioiis ; but it luis T)ecn objected to Dr »SaHslmry’s statement that it swms 
extnwjnlinary that the luiiilxTinen of Maine, IViULSTlvaniti, and Minnesota, who 
have slept on mouldy stm^v since chihlhotwl, should contnud mciasles from la‘ds 
of like material in inilibiry encampments. Dr Woodward (UnitKl Stat<*s 
Anny) has rep<iate*l Dr 8alisbuiy^\s expcrimeiitH, and does not conlirni ihem.J 

3. Orgahif SaMuitres. — llie. most iinfiortant chvss of dist»as<^x pn»<luci.*d by 
impurities in the atmosplierc^ is (jcrtainly caused by the pn^smjce of organic 
matters flr>ating in tlic air, since under this h<j{iding come all ilie speciiic 
diseasea Tlic exact condition of the organic matter is unknown ; whether 
it is in the form of impa]|iahlc particles, or moist (»r firied epithelium ami 
pas cells, is a point for future im|uiry ; and wdudher it is always coniaincil 
ill the. sulmtances discharged or thnxwn off fnuu the Issly {m is eertaiuly the 
case in smallpox), or is produced by putrefactive changes in thofwi disc^harges. 
as is supjx>s<5d to \)e the ctims in cholera and dysc^ntery, is also a matter ol’ 
doubt, ihit, from the way in which, in many "cases, tlie organic 


* ( Vnvrt*»U, Mitoh^n, Hollaiwi. Ac. 
t Ammcan .Imitml of this Msdical Jnlv 

{ Came in fh<» P.Si. Amy. p. 27 ^*. The f 
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is absorbed by liygrosoopic substoces, it would appear tliat it is often com- 
bined with, or is at any rate condensed with, the water of the atmosphere. 

The specific poisons manifestly differ in the ease with which they are oxi- 
dized and destroyed. The poison of typhus exanthematicus is very readily 
got rid of by fi'ee ventilation, by means of which it must he at once diluted 
and oxidized, so that a few feet give, under such circximstances, sufficient 
protection. This is the case also with the poison of oriental jdague ; while, 
on the other liond, the poisons of smallpox and scarlet fever wiU spread in 
spite of very free ventilation, and retain their |>ower of causing ihe same 
(iisease for a long time ; even it may be for weeks, or, in the case of scarlet 
fever, for mouths. Is it that in one case the ix)isou is a mere cloud of 
molecules ; in the other is contained in epithelium and pus cells, tlirown off 
fit)m the skin in botli cases, and from the tliroat also in one ; and which ad- 
hering to walls, clothes, &c., partially dry, and then can be rendered again 
active by warmth and moisture 1 

In the case of •malaria, the X)roce88 of oxidation must he slow, since the 
poison can certainly be carried for many hundred yards ; even sometimes for 
more than a mile in on upward direction, or horizontally if it does not pass 
over the suifaco of water, The ])oison of choleia also, it is 8Uj)posed, can be 
blown by the winds for some distance ; but the most recent observations on 
its mode of spread renders it probable that Uie portiibility of the poison in 
tins w^ay hjis Ix'en overrated. 

But organic matters currying the 8j>ecific poisons are not the only susix^nded 
substances wliich thus float through the atmoqdiere. 

There can Ije no doubt tliat while purulent and grannlar ophthahuia most 
freipiently spreads by direct tmnsferi’nce of the pus or e]>itheliuin cells, by 
means of towels, &o.; and that eiy-sijielas and hospital giiugrene, in surgical 
wards, ai*e often carried in a similar waiy, by dirty sponges tuid dressings, 
(mother mode of transference is by the passage into the atinosphero of dis- 
inUjgratiug pus cells and puti'efying organic })articles, and hence the great 
eflect of free ventilation in inilitarj^ ophthalmia (Stromeycr), and in erysij>elas 
and hospital gangrene. In btUli these diseases, great evaporation from the 
walls floor seems in some way to aid ilie diffusion, either by giving a gi'eat 
(h^gree of humidity, or in some other way. The practice of fiuquently washing 
the floors of hosj)ihils is well known to iucrea.se the chance of erysijHilas. 

It is a question even whether we shall not l>e obliged to extend this view, 
and to Ixdievo that every pus or epithelium cell, or even fonnless organic 
substance floatiiig in the air, may not, if it find a projKjr place or nidus, in or 
on wliich it can W. received, coimiiunicate to it its own action. 

Suii-Hection II.— 2. Gaseous Matters. 

((/.) Carhfmic Acid, — The nonnal (|uantity of carbonic acid Ixjing A 
volumes ix»x 1000, it j)roduc<*s fivtal results when llie amount reaches 50 i-xr 
1000 volumes; and at an amount much Kdow this, 15 or 20 jw 1000, 
produces, in some i>ersons at any rate, severe hea<lache. Other persons can 
inhale, for a brief jxjriod, considerable qmuitities of carbonic acid without in- 
jury; and animals can be kept for a long time in an atmosphere highly 
chaiged with it, provided the amount of oxygen be also increased. Probably 
indeed, discomfort, iiulicating the coinmommient of poisoning, is produced by 
a quantity Ixdow this ; but exact ex|xjriment8 to show the precise effect of 
small quantities of carlmnic acid, uiiiuixed with other gastxms substances, in 
different jiersonR, are yot wanting. In the air of respiration, headache and 
vertigo are produced when the amount of carbonic acid is not more than 1 *3 
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to S volumes per 1000 ; but then orgmie mattem, and poi^bly other gases, 
ate present in the air. Well-sinkers, when not actually disabled from con- 
tinuing their work by carbonic acid, are often affected by headache, sickness, 
and loss of appetite ; but tlie amount of carbonic acid has never been deter- 
mined. 

The effect of constantly breathing an atmosphere containing an excess of 
carbonic add (up to 1, or 1*5 per 1000 volumes) is not yet known. It has 
been supposed that lung diseases, especially phtiiisis, are produced by it ; but 
as this opinion has been drawn merely from the effects of the air of respiration, 
which is otherwise vitiated, it cannot bo considered to stand on any sure basis. 

It may be a question to vrhat extent the presence of a large amount of car- 
bonic acid in the air might lessen the elimination of carbonic acid from tbe 
lungs, and thus retain the gas in the blood. 

On the whole, wdien the amount of carbonic acid is below the amount w*hich 
produces symptoms of decided poisoning (headache, oppression, &c.), it seems 
uncertain what effects are to be attributed to it. 

(Ik) Carbonic Ox/Jc.— Of the immense effect of carbonic oxide, there is no 
doubt Loss than | })or cent, has produced poisonous symptoms, and, moie 
than one per cent is nipidly fatal to animals. It apiKjam from Bernard’s, and 
from Lothki* Meyer’s observations,* that the carlx^nic oxide, volume for volume, 
completely replaces the oxygen in the blood, and ciuinot be again displaced by 
oxygen ; so tluit the person dies asphyxiated. It seimis in fact, as Hoppe 
conjectured, to completely pamlyse, so to s)>eak, tlie red imilicles, so tliai 
they cannot any longer ho the carriers of oxygen. 

^.) Suiphuretted Ilt/driHjan . — The evidence w'ilh rt'gard to siiphurette<l 
hydrogen is contradictory. While dogs ami horses art^ affected by com- 
paratively small quantities (1*25 and 4 volumes jier 1000 vohinms of air, and 
suffer from purging and rapid pmstration), men can breathe a larg*,*r quantity. 
Parent Ducliiitelet inhaled an -atmosphea* coiittiining 21) volumes per 1000 
for some short tiine.f 

When inhaled in smaller quautit ms, and more continuously, it has apj^earcKl 
ill some cases hanuless, in others*, hurtful. Tlmckrali, in his inquiries, could 
tmee no l)ad effect. It is stiid that in tlie Ikinningion chemiciil works, 
where the aramoniacal liquor fitun the EtUuburgh gas-w*orks is converU?il into 
sulphate and chloride of ammonium, the workmen arc exposed to the fumes 
of hydro-sulpliaU) of ammonia, and of hydro-sulphuric acid, to such an exkuit 
that coins are blai kened; yet no sjmeial malady is known to nisult. The same 
observations liave been made at the Britannia metal-w’orks, where a sufmrlicial 
deposit of sulphuret is deconqiosed with acids. It lias not as yet shown 
that these workmen enjoy an e<]ual share of health and vigour w*ith those en- 
gaged in other tnules, and it must also l>e ixunemlmred, tliat the deleterious 
atmosphere is only breatheni during part of the day, and that the quantity of 
*SH may, after all, l>e small, as no quantitative analysis Inis yet be<jn made. 

So large a quantity of SH is given out from some of the salt marshes at 
K^ingapore, that slips of {»ajKjr moistene<l in acetate of lead are blackened in 
the open air, yet, not only is no l)arl effect found to ensue, but Dr Little has 
even conjectured (on very disputable grounds, how*ever) that tlie SH may 
neutralise the marsh miasma. 

On the other hand, some of the worst marshes in Italy are those in which 

• DeSftngnixie Oxydo Carbenlco Infecto, 1858. Reviewed in Vircbow*i Awbiv. •** band x?., 
p. 888. See xleo Utheby, Chemical News,” AprU 1882. 

. X ^ Herbert Barker feiind a larger quantity necemry than that stated above, vi*., 

^ ^ thonaand may be fatal ; but *5 per 1080 may j * 
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SH exista in large quantity in the air, and, in direct oppoeition to Little, it 
haa been supposed '^t the highly poisonous action of tiie marsh gas is paitly 
owing to the sulphuretted hydrogen. Again, in the making of the Thames 
Tunnel, the men were exposed to SH, which was formed from the decom* 
position of iron pyrites ; after a time they became feeble, lost their appetites, 
and hnally passed into a state of great prostiation and aneemia. Nor, as far 
as is known, was there anything to account for this except the presence of 
sulphuretted hydrogen. 

l)r Joseplison and Eawitz * have also investigated in mines, effects pro- 
duced apparently by sulphuretted hydrogen ; — two forms of disease are pro- 
duced — ^i>ure narcotic, and convulsive and tetanic symptoms. In the first 
case, the men became pole, the extremities got cold. Tliere was headache, 
vertigo, a small weak pulse, Bwcjating, and great loss of strength. On this, 
spasms and trtiiublings sometimes followed, and even tetanus. These symp- 
toms were acute, and not, as in the Thames Tunnel casii, chronic. When 
those attacks occurred, the ttmiperature was high and the air shignant. 

Urn observations of Clemens, also, on the developraeiit of boils from the 
j^assage of 8II uito ilie drinking-water frum the air, if not convincing, cannot 
l>e overlooked. (iSee juigo GO.) 

lire symptoms pixsluced by sulphide of ammonium in dogs are said, by 
Herbert Ikirkcrt to differ from those* of 811. Thei’e is vomiting without 
purging, quickened pulse, and heat of skin, followed by coldness and rapid 
sinking. 

((L) Carhuretkd llydrofjm, — A large quantity of carburetted hydrogen 
can be breathal for a short time ; m much, perhaps, as 200 to 300 volumes 
per 1000. Above this amount it produces sym})toius of poisoning, headache, 
vomiting, convulsions, stertcjr, dilated pupil, <fcc. 

Breathed in small quantities, as it constantly is by some miners, it has not 
been shown to produce any bad effects, but here, as in so many other cases, 
it is to ls3 Mished that a nioiv subtle examination of the point were made. 
Without producing any marked disease, it may yet act injuriously on the 
health. 

(e.) Ammonlaml Va]»onrA. — An irritating effect on the conjunctiva seems 
to be the most marked effect of the pn*m*nce of these vapours. I am not 
aware of any evidence showing any other effect on the health. 

(/.) Sulphurous Add Gas. — The bleachers in cotton and worsted manufac- 
tories, and skut^rs of woollen articles, are im.>st exposed to this gas, the 
amount of which, in the atmosphere, is, however, unknown. The men suffer 
from bronchitis, and are frtH|uently sallow and ainemic. 

When sulphurous acid is evolved in the open air, ami, therefore, at once 
laigely diluiei!, as in cop|wr smelting, it does not appcOT U» produce any bad 
(jffects in men, though it affects herbage from washed down with rain, 

and, through the herlmge, cattle, causing iiffections of the bones, falling off 
of the lioir, and enuiciation. 

(<;.) Hfplrorhlork Add I>/jx>wrs in laige quantities aro very irritating to 
tile lungs ; when f)Oured out itito the air, as formerly tlje case in the alkali 
nianufacstures, they are so diluted os apparently to produce no effect on men, 
but they com])lekly destroy vegetarian. 

(A) Bisulphide of Carbrnt. — In certain proccases in the manufacture of 
vulcanised indiarTublier a noxious gas is given off, supix^sed to l>e the vapour 
of bisulphide of c^irbom It produces 4madarhe, gidtliiiess, pains in the limbs, 

* Schmidt Jthr, cx. p. sad hand, cxvii. p. 85. 
t On Mttlaris and MiasmaUi, p. 211 
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Ibrmioatiun, sleeplessness, nervous depression, and com^deie loss of appetiU^. 
8onietimes there is dea^ess, dyspnoea, cough, febrile attacks, and sometinwis 
even amaurosis and paraplegia (i)el|)ech). The effects seem duo to a diroot 
anaesthetic eifeet on the nervous tissue. 

Sub-Section III. — Effect of Am Impure from several Substances 

ALWAVS Co-EXiSTINO. 

The examination of the effects of individual gases, however important, can 
never teach us the results which may 1m? produced by bimthing air rendoreil 
foul by a mixture of impurities. The composite effect may pos.sibly bo very 
different frt)m what would have l)oou anticijiated from a knowledge of tlie 
action of the isolated substances, 

(a.) Air tendered Impure by lUunplration (Boo page 70.) — The effect of the 
foetid air containing organic matter, excc^ss of water and carlK)nic acid, pro- 
duced by respiration, is very marked upon many i>eople ; heaviness, heada<die, 
inertness, and in some eases nausc‘a, are }ut>diiceil. Ei*om exj>eriments on 
animals in which the carbonic acid and 'watery vapour wert* rc^mtn^ed, and 
orgjMiic matter alone loft, Oavan*et and Hammond have found that the (»rganic 
matter is highly jausonous. Hammond fonnd that a ukuimc died in forty-five 
minutes, and 1 liave known cases in wliich the inhalation of such an atmo 
sphere for thix?e or four hours prcxluced in men decided febrile symptoms 
(increased temperature, tpiickened pulse, furrcHl tongue, loss of apjHJtiU?, and 
thirst), for oven twenl ydbur or forty ^'ight hours .suhs(M|iiently. 

When the air is rendered still more impure than this, it is rapitUy fatal, (u* 
in the case of the Black Hole at ( alcutta, of the prison in wliich 300 
Austrian prisoners were put after the battle of Ansterlitz (when 200 dietl 
very rapidly), and of tiio steamer Londomlerry. The poisonous agencies are 
pixibably the organic matter and the deficient oxygen, as the sympUmm are 
iifrt those of pun? asphyxia. If jM?r.s<»ns survive, a febrile condition is left lie- 
hiiid, which lasts three or four days, or there are other evidences of affected 
nutrition, such as l>oiis, &c. 

When air moi'C inodenitely vitiated by res[)imtiou is hnnithed for a longer 
})ericxl, and iiioie continuously, its effects l»eeome compli(;ak*d with those of 
other conditions. Usually a jK?rs<.m wdio is com|>elhMl to hreailm such an atincv- 
sphere is at the same time se<lentarv, and, |a*rlm{)s, miuaius in a constraincil 
j|[^»Qsitioii for several hours, or jHiissibly is also under-fed or iiitem| Morale. Bt»t 
allowing the fullest effect to all other agencies, there is no doubt that the 
bn?athing the vitiated atmosphere of respiratii.ui hiis a most injurious effect <'U 
the healtlL* Persons jmvhi Inx-orne pah?, and partially lose their appetiU?, and 
after a time decline in muscmlar strength and spirits. Tlie aeration and nutri- 
tion of the bhxKl seem to lx* interfered 'wdtli, and the geuenil tone of the 
sysktm falls below ]»ar, so that there ajipears to Ik? less I’esLstnnee to the atrtion 
of morbific causes. Of diseases it ap|>earH pretty elwir that pulmonary 

{iffections are more common. 

Such |M?r 80 ii 8 do cerkiinly ajipenr to funiish a most undue [)<*rcontage of 
phthisical cases. Tlie production of phthisis from impure air (aided most 
}Mdeiitlj, as it ofk?ii is, by coinc!<lent conditions of want of exendse, wmt of 
gmjil focxl, and excessive work) is no now doctrine. Baudelocqtie long ago as- 
iM‘rted tlvit impure air is the grt?at cause of scrofula (phthisis), and that heredi- 
tary predisjMxsition, sy|diilw, imcieannc^s, want of clotliiiig, Imil fcwl, 

• Soc smon^ a namtw of othur instattrxfs Owy'n ©viflcrw.'i? liefoit tlw? HsalUi of Towns Ctna 
iwiMioii, vol. I p B9, iukI ft. Hntiih, iWd* p, SI, et 
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and humid aii*, are hy themselves non-effective. Carmichael, iii his work on 
scrofula (1810), gives some most striking instances, where impure air, had 
diet, and deficient exercise concurred together to prtKiuce a most fomiidahlc 
mortality frt)m plithisis. In one instance, in the Dublin House of Industry, 
whtJre scrofula was fonnerly so common as to be thought contagious, then^ 
were in one war<l, 60 feet long and 18 feet broorl (height not given), 38 beds, 
each containing four cliildren ; the atmosphere was so l)ad that in the morning 
the air of the ward was unendurable. In some of the schools examined by 
Cannichael, the diet was excellent, and the only causcjs for the excessive 
phthisis wore the foul air and want of exercise. This was the, case also in 
the house and school examined by Neil Amott in 1832. D^ptdltjtier (Traite 
(^^omplet de la Maladie Scrophuleuse) also records some good evidence. Pro- 
Itessor Alison, of Eilinburgh, strongly insisted on this fact, and 8ir James 
Clark, in his invaluable work, lays great stress on it. Neil Arnott, To^mbee, 
Ouy, and others bnmght forwanl some striking examijles before the Health 
of Towns Ccunmission (First KejHirt, 1844, vol. i. p]). r>2, GO, 60, 70, <fec.). Dr 
.Henry I’ormac luw insisted with griiat cogency on this mode of origin of 
phthisis, ami Dr (Jretuihow, in his ** Deport on the llealtlj of the People of 
England,” also enmnenites this clause as occupying a piomineni place. 

Ill prisons, the gr<%'it inoi*Uility wliich fomufrly occmried frfun phthisis, as 
for exaiujde at Milllmnk (l^dy), seemed U> U* owing bj bad air ciuijcnned 
with iuf(irior diet and moral deprt‘ssion. 

Two Austrian prisons in which tluj diet and mode of lift* were, it is W 
lieved, csstmtially tin; same, offer the following ccaitrast : — 

la the prison of L(M»]>(4dsbidt at Vienna, which was vary hadly ventilated, 
lhe«* died in th<* years 1834-1847, 378 luisoners out of 4280, or 86 per 1000, 
and of these no less than 220, or 51*4 |ku* 1000, weiv fron> jdithisis ; there 
were no less than 42 (’ases ot jicuLe miliary tulierciilctsis. 

In the well-ventilated House of (/orreetioii in the same city, there were in 
live jH>urs (1850-1854) 3037 prisoners, of whom 43 died, or 14 per 1000, and 
of these 24, or 7*0 j)cjr 1000, died of plithisLs. The comparative lengtii of 
sentem es is not giviui, but m» c,orri‘<*tion on this ground, if needed, could ac- 
count for this discrepancy. The givat pivvuhuicc of phthisis in some of the 
Indian jails app(3ai*s to be owing to the same cause, combined with insutlicient 
diet. 

The now well-known fac t of the much greater prevalence of phtliisis in most 
the Eun,>pt3an aniiie.s (French, Prussian, Kussian, Ikdgian, and English) 
can seaix^dy be accounted for in any otluT way than by supposing tlie vitiated 
atmosphere of the Imrrack-nMun to l>e in fault. This is the conclusion to 
which the 8iinitary Commissioners Im* the Army came in tlieir eelebmted 
KJixnl;, after assigning all prolmhie influence to exiHisiue on duty, intemi»er- 
ance, and a wmiewhat faulty diet. Ami if w’o must attribute some influence 
to the jireasure of ill-mndts aecoutmuents, and to the gmat y>nn*alence of 
HyphiliB, still it c-an hanlly Iw dotibted tliat the chief caustt of plithisis among 
8(.»ldier8 luis to he sought somewheit' elw?, when wo Si‘o that with very iliffer- 
ent duties, a variable amount of syphilis, and altered diet, a great amount 
of phthiaia has pn^vailed in the most vurit^ stations of the anny, and in 
the most beautiful climates ; in (iibraltar, Malbv, Ionia, Jamaica, Trinidad, 
Bermuda, &c, (see history of these stati<ms), in all which places the only com- 
mon condition was the vitiattHi atmf>sphere which our Imrnick system everj^- 
where prmluccil. And, a« if to clentii the argument, there has Wm of late 
years a most dcx:ide<l decline in jdithisical cases in these stations, while 
the only circumstance which haa notaXv changed in the time has been th<' 
condition of the air. So also the extraordinary amount of consumption 
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whidli prevaOs in the men of the Bojral and Meix^hant Naviee, and which, in 
some inen*of>war, has amounted to a veritable epidemic, is in all probability 
attributable to the faulty ventilation.* 

Tlie deaths from phthisis in the Royal Navy averaged (3 years) 2*6 per lOjM 
of strength, and the invaliding 3*9 per 1000, The amount of consumption 
and all lung diseases was remarkably different in the different ships. These 
inferences have received the strongest corroboration from the outbreak of a 
lung disease leading to destruction of lung tissue in several of the ships on 
the Mediterranean station in 1860. Dr Bryson traces thw clearly to con- 
tamination of the air, and notices that in several cases the disease appeared to 
be propagated by contagion. It may be inferred that pus cells were lar^ly 
thrown off during coughing, and ffoating tlirough the air, wore received into 
the lungs of other persons. 

The production of phtliisis in animals confirms this view. The case of the 
monkeys bi the zoological gardens narrated by Dr Amott is a striking in- 
stance. Cows in close stables frtHjuently die fiY)m phtliisis, or at any rate 
from a destructive lung disease (not apparently pleuro-i)ueuinonitt), while 
horses, who in the worst sUbles have more free air, and get a greater ainouiii 
oi exercise, are little subject to phthisis. But not only phthisis may m(»st 
reasonably be considered to have one of its modes of (origin in the breathing 
an atmosphere contaminated by resjnration, but other lung diseases ; bronchitis 
and pneumonia a[)pear also to be more common in such circumstiinces. Both 
among seamen and civilians w’orking in coiifim^d close nKuus, who are other- 
wise so differently circumstanced, we find an excess of the acute lung affec- 
tion. The only ciraumstance whicli is common to the two classes is the 
impure atmosphere. (Com[>aro es{)eeially (laviii MDroy mid GreenhoM\) 
8ome evidence is available io show that tlie favourite Wlief of these diseases 
being caus(?d by tmnsita.ms of tom|wrature, and cx]Kmun* to weather, has been 
carried Uhj far, and that tliis cause is a sulsailiiiate one to several others. 

In addition to a general imfjain^il state of health arising, prolwibly, from faulty 
aeration of the blood, and to phthisis and other lung affections which may 
most reasonably lx? Udieved bj have theb origin in tlie consbuii breathing of 
ab vitiated by the organic vajKuirs and ijarticles arising from line it luis 

long been considercxl, and apparently quite correctly, that such an atmosj>hei'e 
causes a more rapid spread of several specific iliseases, es[xx“ially typhus exan* 
Ihemaiicus, plague, small]>ox, scarlet fever, and measles, 'lliis may arim* 
in several ways ; the s[)ecific ]K>ison may simply accumulate in air so iinjwjr 
fectly changiL?<l, or it may grow in it (for though there may bo an analogical 
argument against such a process, it lias never bctui disproved, and is evidently 
not impossible) ; or the vitiated atmosphere may simply render the body less 
resisting or more jirediHjiosed. 

(A) Air Hindered Impure hij Exhalation from tlm 8ich — The air of a sick 
ward, containing as it does an immense quantity of orgttnic matter, is well 
known to be most injurious. The severity of many diseases is increased, and 
c:on\^Iescence is greatly prolongcxl. TTiis apjK^ra to hold true of all tliseoses, 
but especially of the febrile. At a certain |Kjint of impurity, erysit>elas and 
hospital grangmne ap^iear. Tlie occurrence of either dimam i« in fact a con- 
demnaiion of the sanitaiy comliiion of tiie ward. It lias liecni asserted that 
hospital grangrene is & precursor of exanthematic typhua, hut probably the 
introduction at a particular time of the specjific |Kiiscm of typhus was a mere 
coincidence. But, doubtless, the same foul state of the air which aids the 
spread of the one dimse would aid also ^ha t of the other. 

• Ststisticftt Kejpoftft cm th« of th« Ksry, and e^tiertany Otfvia Milmy'i wmiphlet eti 

The Heaftli of the Royal Ksvy*** 1^2. pp 44 and W. 



EFFECTS OF IMPTJRE AIK. 


93 


When hospital gangrene has ap[>eared, it is sometimes extremely diSicult 
to get rid of it, Hammond* states that in a ward of the New York City 
Hospital, where hospital gangrene had appeared, removal of the furniture and 
liatiente did not prevent fresh patients l^ing attacked. Closing the vrard for 
some time and whitewashing had no effect. The plastering was then removed, 
and fresh plaster applied, hut still cases recurred. At l^t the entire walls 
were taken down aiid rebuilt, and then no more cases occurred. 

It is now well known that by the freest ventilation, i.c., by treating men 
in tents or in tlie open air, hospital gangrene can he entirely avoidecLt The 
occurrence of hospital gangrene in a tent is a matter of the rarest occurrence. 

{c,\ Air Eend£red Impure hy Combustion. — Of the products of combustion 
widen pass. into the general atmosphere (see page 74), the carl)onic acid and 
carbonic oxide are so largely and speedily diluted that it is not likely they 
cian have any influence on health. The iwirticles of carlK)n and tarry matter, 
and the sulphurous acid, must l>e the active agents if any injury results. It 
has l)een 8up|:K>sed that moltfcular carbon and sulphurous acid, instead of l>eing 
injurious, luay even be useful as disinfectants, and we might a priori con- 
chide that to a c<irtaiu extent they must so act, but c;crtainly there is no 
evidence that the smoky air of our cities, or of our colliery districts, is freer 
from the [Kiis^jns of the sjHtoific dis«?ase8 than the air of other places. It has 
lK.« 5 n supposed, indeed, that the air of large cities is particularly antagonistic 
to malaria, but there are probably other cauw^s acting here. The solid 
particles of carlum, and the sulphurous acul gjis, may, on the other Imnd, have 
injurious effects. It is not right to ignore the luechaidcal effect of the fine 
powder of coal so constantly hn^ihed in the lungs, and even the possibility 
of irritation of tlie lungs from suljdiurous acid. Certain it is, that persons 
with bronchitis and emphysema often feel at once the entrance into the 
London atmosphere, and imlividiial ex|>erience will, 1 believe, be of opinion 
that such an atmosphere has some effect in originating attacks of broncliitiA 
and in delaying recovery. But statistical evidence of the effect of smoky 
town atmospheres in producing lung affections on a large scale cannot be 
given, so many are tlie other (ionditions which complicate tlie problem. 

The effect of breathing the products of comhiistion, as by the products of 
gas }>assiiig into a room, is more easily determined. In projHirtion to the 
amount of contamination of the air, many ]>erson8 at once suffer from head- 
ache, heaviness, and oppression. Brc»nchitic affections are frequently pro- 
duced, which are often attribuled to the change fnuu the hot room to 
the cold air, but are really owing to the inilucuce of the impure air of the 
room on the lungs. sa'<..ah' jung bahagus' 

When the prenlucts of gas combustion are inhaled continuously, as by 
workmen whose shops are dark, and who are compelled to burn gas during a 
large jiart of the day, it is impossible to doubt that s^mie of the jmUor, or 
even anfemia and general want of lone which such men sliow, is owing to the 
constant inhalation of an atmosphere so impure. 

{(L) Air Rendered Impure by Sewage Um. — Ceases of a.s|>hyxia from sul- 
phuretted hydrogen, sulphide of ammoniiun, carKmic acid, and nitrogen (or 
|>ossibly rapid poisoning from organic vapours), occasionally occur l^th^in 
sewers and from ihe opening of old cess\>ools. In a case at (?lapbam, the 
clearmg out a privy produced in twenty -tbit ‘0 children violent vomiting and 
' purging, headache, and great prostration, and convulsive twitchings of the 


♦ On Hygiene, p. 172. 

V Profeieor Jttngken** Address on P^rieinia in the Sydenham 
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nmscles. Two died in twentydbur hours. — (“ Health of Towjis Eeport/* vol. 
i p, 139. 

If such cases as these are put aside, and we demand what is the condition 
of health of those who work in non-infected sewers, to use Parent DuchAto- 
let*s expression, we had some difference of opinion. Thacknili states* that 
sewer-men art^ not subject to any disease (apart from asphyxia), and are 
not short-Ih'ed. He cites no evidence. Parent DucMteletf came on the 
whole to the same conclusion as regaids th(^ sewer-men of Paris in 1836. 
He says that there are some men so affected hy the air of sewers that they 
can never work in them ; hut those who can remain suffer only from a 
little ophthalmia, lumbago, and j)erluq>a sciatica. They consider otherwise 
their occupation not only innocent hut as favourahle to health. The only 
fact adverse to tins seemed to Ih 3 that the air of the sewer greatly aggravated 
the venereal disease, ami those who in working with this disease on 

them inevitably ]>ensliod (p. 256). The working in deep, old, sewage inatk^r 
producc<l ail eruption on the jwirts bathed hy the mud, which resembled itch 
sometimes, or was phlycteuoitl in character. 

Wlien Parent Duchatelet s facts are subjected to analysis, the case is not, 
however, so clear as would ap|iear frf3m his statement. At one plac^ he 
s|)eaks of 24 men being the number of sewer-men, at am>iber of 32 — either 
numl>er l>eing too small for .siife conclusions. He also gives a list (t. i p, 386) 
of the 32 men, from wbieli it apjKMrs that there were no less than 20 men 
who had only hc^en omployinl six inontlis in tlie 8t'AVi*rs, and seven others wdio 
had only been there a year ; two others had been b^ss than sixteen months, 
and only tlirec weni (»ver two years (viz., titb*cn years and six years n)S[)ectively). 
8o that the extrt*mely short period of time seems (|uite to vitiaU> any con- 
clusions. Hut it appears also that a very considerable (’ffect was produced on 
a large nuinlxT of tliese men, as, l»esides ophthalmia, from which no less than 
25 of them had suffered, and w^vi^nil tlmHj and four limes, 19 of the 20 men who 
ha<l hceji employed less tlmn six months had suffemd from bilious and cerc.»- 
bral affections, diarrhoea, colics, jaundice, lumbar pains, and, in one case, 
bilious and cen‘bnil fever. Of the seven men who had lH‘4*n ciuployeil less than 
one year, no less tlian three had snifen'il from colics and diarrha'a, and two froju 
rheumatism. So that all the facts show that this celebrated eviilenee of 
Parent Duebatidet, which lias Ikhui so ofhm (juoted to prove the iniuKJUOus- 
nes.s of sewer air, had been com}»lelely misunderstood, and that it rather 
proves the hurtfulness tlian otilerwhte. The principal lifb^ctions s<H*m to have 
Ixsen ophtlialmia, bilious afliKitions, diandiua, and colics. The exa<*i amount 
of sickneas per annum, the rate of mortality, and the exj:>ectation of life have 
not Wen deti^nnined by any observer. 

It must W rememlx^red also that sewer air is of no invariable com]V)siiion, 
that ofkui, with giwid ventilation, it is tolerably pure, and that, in many coem, 
the inhabitants of houses over sewers reidly rweive inon^ stover air tlmn thosi* 
who })enetrab3 into the, sewers themselves. The workmen also take great 
precautions, both in London and Paris, ami, in ])oth cases, the storage matter 
is mixed with a very large quantity of water, which 1ms a great effect in 
holding l)ack deleterious products. 

Dr HerWrt Parker J has attmnpted 1(3 submit this question to experiment 
by conducting the air of a ctisspool into a box where animals were e(3n6ned. 
The analysis of the air showed tlie presence of cmrWnie acid, sulphuretted 
hydrogen, and sulphide of ammonium. Tlie reaction of the gas was usually 

♦ Effects of ArU, Trades, and Profeasiona on Health, 1832, p. 11$. 

t Hygiene PubHrme, vol. i. p. 247 0886). 

t On Malaria ana Miasmata, hy T. tf. Barker, 1862, p. 176, ef aej. 
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neutral, sometimes alkaline. Tlie gas was sometimes ofieusive, so tliat organic 
vapours were probably present, but no analysis appears to have been made on 
this j)oint. Three dogs and a mouse were experimeiit(*.d on ; the latter was 
let down over the cesspool, and died on the fifth day. The tliree dogs were 
confined in the box ; they all sulfered from vomiting, purging, and a febrile 
condition, which, Dr Barker says, ** resembled the milder iv^niis of continued 
fever common to the dirty and ill-ventihiU^d lioiiujs of the lower classes of the 
community.” But the effects required some time, and mucli gas for their 
production. Dr Barker attributes the results, not to the organic matter, but 
to the mixture of the thrt^e gjises, ciirbonic acid, sulidmretted hydrogen, and 
sulphide of ammonium, and especially to the latter two. 

With re8p<H‘t to the special production of typhoid fever an)f»ng sewer-men, 
Parent DucMtelot refers only to three C4i8es of certibnil and })iliou8 affection, 
which may have been typhoid ; then*, is, however, no certain ty. He does 
not state, however, whetlier any of the nif?n laid be<‘n protected by previous 
attacks, and the large ninnl>er of men who liad lM*en but a short time in the 
sewers would render this impuiy of little value,. 

Dr Guy, from an irujuiry in Dmdon,'* Ix^lieved that these nuui were not more 
subject to fevers tluui oilier w'orkmen, but, as Dr Murcliison has pointed 
out,t Guy 8 conclusi<»ns are qm^iioimble, espec ially from tlio distinction of 
typhus and typhoid fevers not l)f‘ing drawn, aiid from Die mixing up scaven- 
ger and dustmen with sewer-men. 

Murcdiisou and Peacock have both olmervc'd sewer-men U) be more subject 
to those disea-ses. Murchison thinks that constant exjiosure t-o sewage aif 
gives inmnuiity, hut possibly pnnious attacks (which are not necessiirily 
.si'vere) may often give prot(*ction. 

Nightmen, and the collectors and sortf»rs of dust, do not appear, according 
t<^ Dr (Juy, to lie suhjeiit to any sp(‘cial disejise or ill-health. 

(c.) of Sewrr Air on the Ovnrral Popnhtiifni. — The effect of sewer 

air on the goucral po]>ulation is another <iU(*stion. In many towns there is a 
constant e8ca]fM} of sewage air into tin*, housc^s ; the dmins open at the base- 
ment, an* insufiiciently trapped, and eunvnts of air force the gas into the 
liousc, or the artificial warming of the house continually draws up the air from 
the 8(?weiu In London, Dr Sandemm has shown, by his ingenious mano- 
met^ir, that. Die tension of Die air in Da* sewers is constantly gieater than that 
of the liouse air, and, consequently, that there is a eoiistiuit danger of sewer 
air iuibiJiiiig our dwellings. 

That the breathing such an atmosphen* has an immense (*tl\*et on hwiltli is 
a matter of such daily obsmatkm that, 1 presume, it will not lx* denied. 
Eveiy one must have mvxi instances in wliich heaila<‘he, sickness, diarrhccn, 
general malaise, au<l, after a certain time, great di*pr«‘ssion of healDi, with 
more or less anamita, w^ire jiroducml.J In some easi*s I have known decid^nl 
febrile attacks lasting three or four tlays, and attemlcHl with grc^at headaelie 
and anorexia. In some casi*s, house^i into which then* has been a continued 
escajw of sewer aix have been so notoriously uulioalthy, that no persons wouhl 
live in them, and this has not been only fitmi the prc^valencc of fever, but 
from other discuiscs. Dr Marston, lv.A., in his fjxcellent ]ia}H*r on the Fever 
i)f Malta, § tells us, that when typhoid fever broke out at tlie Fort of Lii8<jaris, 

♦ Journal of the StAtUtic^l Society, lS4S?vol. xi, 

^ On Fevers, i>. 45H. 

i It in itiiwiRdible to quote the minierone uiKtnnoen which hnve been reconlecl. Many are 
givun in the llealth of Towns IU*|iortii. (See Evidence of Rigi»yt »* !'• ; Aldia, vol. i. 

p. llo)* 

i Amy Medical Rejiort for 1861, p. 486, 
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fi^m the opening of a drain^ other affectione were simnltaneonsly developed, 
viz., “diarrhcea, dysentery, slight pyrexial disorders, and diseases of the 
primacy assiniilative organs.” A close examination and analysis of the afiec- 
tions produced by the inhalation of sewer air, would probably much enlarge 
this list ; and the class of affections resulting from this cause, to which it may 
be difficult to assign a nosological name, will be found, I believe, to be essen- 
tially connected with derangement of the digestive rather than with the pul- 
monary system. 

Is typhoid fever produced by the emanations arising from fascal decom- 
position ? 

This great question is almost too large for the limits of this book, and yet 
it is too important to be briefly dismissed. The main facts which we may, I 
believe, legitimately draw from the long discussion which has taken place are 
these : — 

1. There are several cases on record in which tj’phoid fever has constantly 
prevailed in houses exposed to sewage emanations, either from bad sewers, or 
from want of them, and in wdiich proper sewerage has completely removed 
the lever.* 

2. There are several cases on record t (Croydon, Peckham, Westminster, 
Fleet Lane, Hammersmith, IMalta) ui which the opening of a drain (in some 
cases an old one) lias given rise to decided typhoid fever, as well as to an 
extremely severe and rapidly fatal disease (prolmbly severe typhoid), in which 
coma is a marked symptom. (Murchison, p. 438.) And there ore other 
cases (Windsor) in wliicli typhoid fever was manifestly caused by ill-ven- 
tilatf^d and ill-contrivod seweis permitting a large reflux of air into the 
houses. 

3. Whenever statistics are accurately carried on, the prevalence of t}7>hoid 
fever is alway.s found to lx? in a close relation to tlie imperfect manner 
in which sewagt? mat tore are removed. The army statistiers of home and 
foreign stations give us excellent examples of thi.s, and year by year, as diag- 
nosis is becoming more ceilain, this fact is coming out more and more 
clearly. 

These three classes of facts are so undoubte<l, and so numerous, as to show 
that the connection Ixjtween tjq>hoid fever and fa'cal emanations is too intimate 
to be accidental. But, 

4. Iliere are cases on record in which fa'cal accumidation and decomposition 
has Wn going on aliout habitations for years without pnxliicing fever, (Cer- 
tainly many of tliese cases are in small villages and isolated houses, where 
there are currents of air to carry oil' the efiluvm, and not in clo.se towns and 
alleys. The dihVreiice may, then, be nu?rely one of ease of oxidation and dis- 
persion. In some of these instances again, and es|>ecially in the cas<^ of foreign 
towns, fever may really greatly prevail, though (uisuai observers do not recog- 
nise it ; it may affect the children under the form of the so-called infantile 
remittent fever, and in this way preserve them from sulwequent attacka 
Stiungers suffer in such towns, but apparently not the inhabitants, A closer 


♦ Wliocver will take the trouble to read the Health of Town* lieportfi and Kvidence, Mr 
Biroon*8 Reporta, Dr Letheby'a Rgx)rU, I>r Acland's Be}>ort on Fever* in A|picaltttral Dhaticta, 
and the Heporta of the Medical Onicer to the Privy Council, will find abundant evidence in sup- 
port of thi» anoertion. Many provincial towna in England could give similar evidence as Nor- 
wich. (Bee Dr Riebardaon’e Report, Medical Time* and Gazette, Jan. 1S64^> 
t For many inotaneea, see Murchison on Fevers, p. 4dd, ei $m. The Hammeratnitb case is 
one mentioned by Babingioti (Biitkh Medical Journal, May 3, 1862). The case at Malta is 
mentioned by Marston, Army Medical Reimrt for 1861, p. 486. 1 have been informed of a 
similar and it was also aIBnned iltat me evacuations of some patients with typhoid fever 
had beer^^^ved two yeazu before into this drain. 
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examination pediaps, detect the reason of this to be the protective inhu- 
enoe of prior attacks** In other cases, again, the fever really prevails among 
adults, but is not r 0 oogni 8 ed.t How constantly it used to be said that typhoid 
fever prevailed in neither the East nor the West Indies. It really prevails in 
one, and probably in both, and doubtless has always been present, but was 
confounded with other diseases. Still, will these explanations account for 
all cases? A village is known to me in which no typhoid fever had ever 
been known ; the drainage arrangements were, as usual in our English vil- 
lages, very bad. About ten years ago typhoid fever commenced to prevail, 
and spread completely through the village, attacking old and young, so com- 
pletely unprotected were all the inhabitants. Importation could not be traced, 
but it is not cerfeiin it did not occur. Kow here, as in that of Calstock, 
Over Darwen, recorded by Bristow and Greenhow,^ either the accumulation 
of, and emanations from, sewage must roach a certain point, or there must 
l)e some special sujKJHwlded meteorological conditions, such as excessive heat, 
drought, &c., or there must be entrance of a fresh agent. 

5. There are cases in which, in such local outbreaks, no introduction of a 
fresh agent can be traced. But then it is notoriously difficult to prove a 
negative, and these specific poisons pass from jdace to place in such secret ways 
that it is almost impossible to trace them. A great number of negative iii- 
stancos must l^e brought together before much reliance can be placed on this 
argument. 

C. There are cases on record (the outbreak at StejTiing, recorded by Wliitley,§ 
is one of the be.st) in which all the conditions of typhoid fever from accumu- 
lated sewage app(5ar to b© present for years, and yet no fever is caused. Then, 
a patient arrive^i from a distiuice with tyjffioid fever, and the disease spreads 
more or less through the village, and, spreading evidently from this case, is 
disseminated as evidently by the fiecal emanations. Now, such cases as these 
support very strongly l)r William Budd’s view, that the specific poison 
must Ihj introduced, and that it is conveyed in the stools, and, as a matter of 
course, propagated through the sewers, if tliese exist. 

7. There are cases in which typhoid fever occurs when no exposure to sew- 
age emanations can b<i tmced. But these instances are always isolated ; and it 
is well knowu that, in such cas(\s, it is not to l>e expecbnl we shidl always Ije 
able to jxmit out the exact place and time of exyiosure. A man may Ije 
exjiosed to a vitiated atmosphere without even knowing it himself, and even 
the time and place of oxjK»sure to the most undoubted contagions (as small- 
pox) Cfuinot always \>e tnmed. 

The general conclusion seems to me to he this. Tlie view whicli meets best 
all the facts is that sewage air, /xt does not produce the specific lesion 
of Peyer's patches, which is the anatomic^il sign of typhoid fever, but tliat 
sewers afford the chamiola of propagation when the specific jwisou of typhoid, 
derived from the st^H^ls, finds its way into Uiem. At the same time, it must 
1)6 confessed that this conclusion is not based on such complete evidence as 
should alone content us, and that the spontaneous origin of true typhoid fever 
from simple sewage matter is neither completely disproved, nor is evidence 
wanting which seems to indicate such an origin. That the effluvia from tlie 

Tb«re seems little doubt that one attack of tj’phohl uRually ]>n>tecta from another. Is this 
owing to the deeiruction of Peyer's fmtehes : ond isthe fever i-eally cause^i by the absorption 
of the products of these glands, when diaintstgrating from the effects of a poison locally applied 
to them ! The transmission of the disease by water gives some countenance to this. 

t Tills is the case still in London ; there is reason to think that many cases of typhoid occur 
in pri\^te pmctico which ore not dia^osed. 

5 Fourth lieport of the Medical Officer to the Privy Conndl. 

I Ibid, p, 43. 
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typhoid stools will produce typhoid fever seems to be c^taiu, aud a go^ 
case is giveu by Biecke* The evacuation of a typhoid patient were placed in 
an outhouse, the upper room of which had an uncoiled floor. Two men who 
had no intercourse whatever with the patient, and never entered the house, 
but who slept in the upper room, were attack(Kl, and at the same time. 

With reg^ to the production of diarrhoea &om fa)cal emanations, it would 
seem that autumn^ diarrhcea of this countiy is intimately connected with 
temperature,* and usually commences when the thermometer is persistently 
above 60*, and when there is, at the time, a scarcity of rainfldL It is* worst in 
the badly sewered districts, and is least in well drained districts, and in wet 
years. It has been checkotl in London by a heavy fall of rain. All these 
points seem to connect it with fmcal emanations reaching a certain rapidity 
of evolution in consequence of liigh temperature, deficient rain, and perhaps 
relative dryness of the atmosphere. At the same tune, there is probably some 
connection between this ilisease and impure water. It may own a double 
origin, and in a dry season, both causes may be in opemtioti. 

To sum up, the diseases produced by fiecd emanations on the general popu- 
lation seem to l>e, diarrhoea, bilious disorders, often witli febrile 83 rmptoms ; 
dyspepsia, general malaise, and oiuemia ; all these being atiections of digestion 
or sanguification; typhoid fever is also intimately coiin<j(jted with sewage 
emanations, either Iniing thoir direct result, or, more prolmbly, liciug causes! 
by specific products mixed with tlie sewage. 

In adilition, sewer air aggravates most decide<lly the severity of all the 
exanthemata, crysiiHilas, hospital gangrene, and puerj)oml fever (Itigby), and 
probably has an injmnous clft*ct in all other cases. 

(/) Emanatiom from Faral Mottrr (hrotni on the Ground. — Owing, 
doubtless, to the rapid nuivement of the air, tbere is no doubt that the excreta 
of men aiid anunals thrown on the ground and exposed to the oi>en air are 
less hurtful than sewer air, and pndmbly in proportion to the dilution. 

WTien there are accumulations in close courts, small Iwick-yards, &c., the 
same effects art*, produci^d as by st»wer air, juid nuuiy insmuces are reconled in 
the Heiilth of Towns Keports. Wlien ilecal matters are used for manure, 
and are therefore ft^ieeilily mixed with earth, there is no gowl eviden^ic of any 
bad effects. Owing, doubtless, to the great deodorizing absorbing powers of 
earth, effluvia soon cease tt> Ix^ given ofll An instance is, however, on rt?cord,t 
in which two cases of typhoid were 8 upiH> 80 (l to aristi from the manuring of 
an acljacent fiehL This is a point on which more evidence is desirable. It is 
stated in some works that disease is fre<[uently produced by the manuring of 
the ground, but 1 have been able to find no satisfactory evidence. 

((/.) Emamtione from Strmvie Polluted by Ftecal Matter. — The evidence 
on tins jxfint is contradictory. Parent-Duch&tcdet, in 1822,J investigated the 
effect produced on the health of the intuiliitauts of the Faulting 8t Marcieau, 
in Paris, by the almost insupportable effluvia arising from the liivifere de 
Biivre, which received a laige portion of the sewage of the quarter. He 
asserts that the health was not at all damaged, though he admits that there is 
truth in the old tradition at the Hotel Bieu, that the cases from St Mareeau 
were more severe than from any other place. 

Dr M^Willmm found that the emanations from the Thames in 1869-60 hm) 
no deleterious effect on the health of the Custom-House men employcMi on 
the river. The amount of diarrhoea was even below the average. 

On the other hand, in the reports of Sir H. De la Beche and Dr Lyon Hay- 


* fUmionte and Vernon, ** Inflnenoe of Atnioepb. Changes on !>{«.'' p. 3. 

t Wbitby, Med. Time* and Oaaette, Jan. 1862.’^ . } Hygi^e IHtbtique, t. i. p. 98. 
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is some strong evidence that the general health of the people suffered 
&om the emanations of the putrid streams of the Frome, and the tributaries 
of the Irk and Medlock ; that they were ]^le, in many cases dyspeptic ; that 
fevers (typhoid) prevailed on the banks is asserted by some ol^rvers, but 
ratW doubted by others; but none seemed to have any doubt that the 
fevers, when they occurred, were much worse. Cholera, in Manchester, was 
severe along the hanks of some of these streams, but that might have been 
from the water being drunk. 

It is very likely that the discrepancy of evidence may arise from the 
amount of water which dilutes the fsecal matter being much greater in 
some cases than others. In the case of the Thames, the dilution was after 
all very great, and this was the case, in part at any rate, of the Bifevre, as the 
stream was in some jdaces 6 and 7 feet deep. The evaporation from such a 
body of water, however offensive it may be, must 1 k) a very different thing 
from the effluvia coming off from the masses of orgjmic matter laid bare by 
the almost complete drying up of streams into wliich quantities of feecal 
matter are poured. 

(A.) Effort of Manure Mnnufaetortes. — At present, I l)elieve no liad effect 
has resulted fn>m the manuiacjtories yet formed in tins country. In France, 
the workiiKin engaged in the making of “ Poiidrette” do not in any way suffer, 
exce])t from slight oj)htliaImiti,+ Tarcuit DiichitteletJ (on very slight evidence 
iiulml) thought the emanations were even l)eneficial in some diseases, and 
Tardieu seems iiwdined to sup|K)rt this opinion. When the x^udrette is 
decomposing, and large (jiiaiitities are brought into small spaces, jis on board 
ship, strious conscMpiences may n?sult. Panuit Duchatelet records two cases 
of outbreaks on board ships canying ]>oudnttt<' wliich fermented on the voyage ; 
one v<38sel, the Arthur, lost half her crcw' (numlxir not known), and the rest 
were in a state of deplumble health ; the men who unlojided the cargo were 
also idrccbjd. The symjiioius are not recfirded, hut, in a smaller vessel, where 
all on lM>ar<l (5) were similarly ailecte<l, ilie tlisease put on tlie appearance of 
** an lulynamic fever.’* Tlun* was inUmse pain of the head and of all the 
limbs, vomiting, great piHjstration, and in two coses great diarrheea. These 
syraptoius are very similar to those already mentiolied as pro<luced in 21 
children at Clapham by the upning of a privy. 

(/.) The Air of Grave}jnnU. — lliere is some evidei\ce that the disturbance 
of even ancient ])laces of 8«q>ulchre may give rise to disciiun*. Viwj d’Azyr 
refei*8 U) an epidemic in Auvergne caused by the opening of old cemetery ; 
the removal of the old burial place of a convent in Paris produced illness in 
tlic inhabitants of the adjoining houses. § In India, tlie cantonment at 
Bukkur was placotl on an ancient MusMdmaii burial ground, and the 
station was most uiihealthy,|j es|)ecially from fevei's. 

llie cfTwt of effluvia from c.omparativtdy ixwent putrefying human bodies 
luiB Ixnm observed by many wrib^rs. IhimmazzinilT states that sextons entering 
ldac4}8 where there are j)uir<?fying cor)>se« aio subject to malignant fevers, 
asphyxia, and sufhxjative tyitarrhs ; and F<»urcrt>y remarks that there arc a 


* Bet'-ond Report of the Health of Towns Ooniinisaion. pp. M and 347. I^von Playfair saya, 

**The medical men in Manchi^ter whom 1 have t'onsuiied aits iinaiumously of opmiou that 
the emanations from the putrid streams wliich wind their way sluggishly through the town are 
a cause of disease and mortality.*’ 

t Parent Duchitelet ; Patiaiier. Bee also Taniieii, ** Diet. d’Hygi^ne,” t, iv. p. 453, Tardieu, 
in 1802, writes,--'* We do not hesitate to aftimi that the exhalations ft'ora tliese maunffic- 
tories (voiries) exercise no injurious action either on man or vegetation/’ But it must he re- 
titeml>eml that these plaiHis are excellently conducted ; ventilation is gotsl, and th fiecal matter 
is soon suhleeted to procs'sHees which prevent ite deoomiKMjition. 

1 Hyg. Puhllqiio, t. ii. ». 276. | Tanfieu, “ Diet d’HygiSne,’ i. p. 517. 

P Norman Clievers. p. 401. % Maladies des Artlrans, p. 71. 
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thotuaand inatonces of the pernicious effects of cadaveric exhalations ; aud 
Tardieu* has collected a very considerable number of cases, not only of 
asphyxia, but of several febrile affections produced by exhumations and 
disturbance of bodies. Mr Chadwick, t and the General BoaM of Hoalth,i 
have also summed up the recent evidence, which shows that, in churchyards 
thickly crowded with dead gases are ^von off (see page 76), which, if not 
productive of any specific disease, yet increase tne amount both of sickness 
and mortality. In some instances, this may bo from contamination of the 
drinking water ; but in other cases, as in the houses bordering the old city 
graveyards, where the water was supplied by public companies, the air also 
must have been in fault. In the houses which closely bordered the old city 
yards, which were crowded with bodies, cholera vrm very fatal in 1849,§ and I 
was informed by some practitioners that no ciises recovered. I was also 
informed that all other severe diseases in tlrese loctilities assumed a veiy 
violent and unfavourable type. 

(^.) Ejfitwia from Lkmmpt^stmj Animals . — On this point there is some dis- 
crepancy of evidence. 

In 1810, Deyeux, Parmentier, and Pariset, gave evidence to show that the 
workmen in knackeries are in no w'ay injured. I^arent DuchAtelet, from his 
examination of the health of the men employed at the knackery and slaughter- 
house at Montfaucon, came also to the conclusion that their health was not 
affected. It should bo mentioned that this knackery is remarkably well 
placed for ventilation, and is excellently conducted ; j)utrid remains, in the 
proper sense of the word, do nut now exist in any knackery in or near Paris ; 
the workmen aic well paid and fed, ami are therefore well prepart3d to bear 
the effect of any injurious ellluvia It has Iwen stated however, that in the 
Hotel Dieu, the patients used to suffer when the wind, loaded with effluvia, 
blew from Montfaucon (Henry Ikmnet). I’ardieu, fnan a laU? re-examination 
of tlie questions, confinns Parent’s conclusions, jj except as regards glanders 
and malignant pustule, touching whi<di Parent Duch^telet’s evidence was as 
usual negative. Tanlieu (t. iv. j». 408) however, states tlmt many examples 
occur in the French knackeries of tlie transmission of these diseases, tliough 
glanders and farcy are less fi-equently caught in knackeries than in stables. 
No analysis lias yet been made of the air of knackeriea 

Parent Duchdteletif is often also (juoted, as having proved that the exposure 
of the remains of 4000 horses, killed in the battle of Paris in 1814, pro- 
duced no bad effects. These horses were killed on the 30th March, and were 
burnt on the 10th and 12th April They gave out “ une odeur infk*,Us,” which 
produced no bad results on tho8<5 who collected the bodies, l^arent DucMtelet 
inquired particularly, whether typhus was produced by the effluvium, and 
proved that it was not ; a conclusion conformable to our present doctrine. 
He did not, however, do more than examine the registers of deaths for tlie 
three years before, during, and after the battle, and found no evidence of in- 
creased mortality. The utmost this observation shows is, tliai no typhus was 
produced ; and that the amount of decomposition, caused by eleven days of 
hot weather, did not affect those concerned in collecting and burning the 
bodies. 

On the other hand, the experience of many campaigns, where soldiers have 

• Diet. a^Hydeas, 1862, t. iii. p. 468, et seq. 

t Report on lutermeats in Town*. 

t Be^rt on Extramand Setmliure, 1860. 

% S' Wraith, ^ 8othcrl^£« Report on Extramural Interment, p. 12. See nleo Sutheri*nil*e 
Report on Cnoiem, 1850. p. 27. 

« Diet d’Hygiiwe, t ir. p. <fl8. . f IhW. t. i. p. 47. 
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been exposed to the products of an advMiced putrefaction of horses, shows 
that there is a decid^ influence on health. Pringle especially notic^ tliis ; 
and in many campaigns since this condition has been one of the causes of 
insalubrity. Diarrhoea and dysentery are the principal diseases ; but all 
affections are increased in severity. At the siege of Sebastopol, where, in 
the French camp, a great number of bodies of horses lay putrefying on the 
ground, lieynal* describes the effect as most disastrous ; and even conjectures 
that the spread of typhus was connected with this condition. 

(/.) Air of Brickfields and Cmnmt Works » — The j)eculiar smell of brickfields 
cannot be owing to carbonic acid, oxide, or to hydrosulphuric acid, or sul- 
phurous acid (the gases evolved from the kilns) ; but its exact cause, I 
believe, is not known. Tlie air, at its exit from the chimney of furnaces and 
kilns, is rapidly fatal ] but so rapid is its ascension, dilution, and diffusion, 
that at a little distance it is respirable. I am not aware that, in any of the 
actions against the owners of brickfields, anything more than a nuisance has 
been established. The smoke and gases from cement works, however, destroy 
neighbouring vegetation. Tlie smell can be perceived for several hundred 
yards. In the north of France, it is ordered that no kilns shall be within 50 
metres (54 J yards) of a public road ; and the kilns arc lighted only at night. 

(m.) Air of Tallow-makers^ Bone-hurners, ^c , — In many trades of this 
kind large quantities of very disagreeable animal vapours are produced, which 
spread for a long distance, and are most disagreeable. Although a nuisance, 
it is difficult to bring forward positive evidence of insalubrity. But the 
odour is so bad, that in France rules are in force to oblige the vapours to be 
condensed or consumed ;+ and if in the process any water is contaminated 
with fatty acids, it is neutralized with lime. M. Foucon has figured an 
apparatus which completely burns the animal vapours. (Papi>enheim's Beit, 
du Sanitas, PoL Heft ii.) 

(w.) Air of Marshes . — It seems scarcely necessary to allude to this point, 
except to notice that in addition to paroxysmal fevers it has been supposed 
that serous diarrhoea (a sort of dysenteria incnienta) and true bloody dysen- 
teiy, are produced by malaria. Also that there is perhaps some connection 
with malaria and liver abscess (?). In addition to marked diseases, the 
breathing of marsh air produces an imperfect condition of nutrition, in which 
cnlaiged spleen plays a prominent part, and the mean duration of life is 
shortened. 

(o.) Unhiotm conditions of the Atmosphere. — Occasionally, outbreaks of 
disease occur from impurities of the atmosphere, the nature of which is not 
known ; though the causes giving rise to them may be obvious. Dr MajerJ 
records a case of a school at Ulma, of sixty or seventy boys, where the greater 
number were suddenly affected, on a wann day in May, with similar symptoms 
— ^ddiness, headache, nausea, shivering, trembling of the limbs, sometimes 
fainting. The attack occurred again the next day, and a common cause was 
certain. The room was enclosed by walls, in a narrow space, where the snow 
had lain all the winter ; the wall was covered with fungous vegetation, and 
with sidts from the mortar. From the sud^pn entrance of wann weather, fer- 
mentation had set in, and a strong marshy smell was produced ; the substances 
of whatever kind generated in tliis way accumulated in the narrow ill-ventilated 
space. Bemoval to a healthier locality at once cured the disease. 


♦ Vsmor’s Hyg^lne Indastrlelle, t. ii. p. CO. t Tardieu, Diet d'Hygi^e, t. xi. p. 221, 
t Can«tatt*s Jabresb. I8C2 ; vol ii. p. 92. 



CHAPTER III. 

VENTILATION. 


VENTILATION OF BUILDINGS. 

In onlor to keep air in its n(M3P«sary purity it must b(i continiwlly chaiigiiig. 
In the previous cha]>t<?p we have seen that the change must amount U> at 
least 2000 cubic feet i>e,r hour jKir head for |)ei*Hon.s in heultli, and not less 
than 3000 or 4000 cubic feet or moie for sick peisons. Ix^ss tlwiii this will 
not suffice to keep the air pun^, and even this amount is (piite the minimum 
which must given. 

In whatever way this air is sup]>lied, certain conditions nnist be laid down. 

The entering Air. — 1. Tlie air which enters must itscif })e pure. It must 
be warmed if too cold, and cooletl if too warm. 

2. Its movement should be iinpercey)ti]>le, otbemise it will C4mse the 
sensation of draught, and will chill The. mU* at winch tlie movement be- 
comes impei*cej)tibie is I J f<H*t |)er s«icond ( - 1 '30 iuile.s l>cr hour) ; 2 and 2| 
feet per secoml (1*4 and 1*7 luiles jmt hour), are iiiijH<r(‘ej>tible to some 
sons ; 3 feet per second (2 miles jier hour) is jHircofitible to most ; 3 J fe< 3 t is 
perceived by all jxirsous ; miy givater s]>e(j<i than this will give the sensation 
of draught, esjHwnaliy if the enb^ring air l)e of a dilferent temjKjratun*, or moist.* 

3. It must 1)6 w'eil diifused all through the room, so that in every jmrt 
movement shall l)e goiiig on ; in other words, the distribution must lx? jmrfcKit, 

Ttis outgoing Air — 4. The air must removed so immediately that there 
shall be no risk of a person breathing again his owm expirttd air, or tlmt of 
another person. 

5. In hosjuUds fi8|xjcially, it will Ik*, desirable tlmt then*, shall Ikj no chance 
of the air from one sick ])<;rftou pissing over the IkhI of another. Then*fort 5 , 
the movement of air should l>e rather veiiical than horizontiil, and as tlie ex- 
pired air, and all exhalations from the \fody or l)e<l clothes, at first piss up 
wards from their levity, it is desirable that they should Im tiiscliarged al)ove, 
and not drawn down again past the patient. During the last IVsw ymrs it has 
l»een argiieil that it is better that the foul air should ])ass off btdow the level 
of the person, so that the products of rc*apiration will \m imnuxlialely drawn 
down below the mouth, and lie rej)laced by descKuidmg pure air. But the 
resistance to be ovemome in drawing down the hot air of aspiration i» m great 
that there is a considerable waste of power, and the olwstatde to the discliarge 
is sometimes sufficient, if the extracting force \y& at all lessened, to reverse the 


e la Pettenkofer’ft closed moiri, which coaUitie 423*7 cubic feet, it has teen found that 44 
cuhic feet can te admitted per mittuu without draught, or, in other wonte the air c<^ te 
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movemenl, and the fresh air forces its way in through the pipes intended for 
dischaige ; a fikct which has been noticed in the Hospital Lanteisi&re on some 
occasions. This plan, in fact, must be considered a mistake. I'he true prin- 
ciple here is that stated long ago by D’ Arcet In the case of vapoim* or gases the 
proper place of discharge is above ; but heavy powders, arising in certain arts or 
trades, and which fi*om their weight rapidly fall, are best drawn out from below. 

Meam by which Air is «et in Motion , — ^These are : — The forces con- 
tinualfy acting in nature, and which produce what has been termed natural 
ventilation. 2df, The forces set in action by man, and which produce the so- 
called artificial ventilation. 

The division is convenient, but not strictly logical, as the forces which act 
in natural do so also in artificial ventilation to a certain extent. 


SFXJTION L 

NATURAL VENTILATION-GENERAL STATEMENTS. 

Three forces act in natursil ventilation, viz., diffusion, wind, and the difter- 
ence in weight of masses of air of ime<j[ual temperature. 

Sub-Section I. — Diffusion. 

As every gas diffusijs at a certain rate, viz, inversely as the square root of 
its density, there is a constant escjajie of any foredgn gas into the atmospheio 
at large. From every room that is not air-tight Pettenkofer and Roscoe have 
shown tlmt diffusion wcaits through brick, and Pettenkofer believes that one 
of the evils of a newly built and damp house is that diffusion cannot occur 
through its walk. Put the ordinary plastered wid }>ai>ered walls rt'duce dif- 
fusion to a most inftignifi<jant amount. Through chinks and openings pro- 
duced by imyKirfect cai*peutry the air diffuses fast, and Roscckj found ^at 
when he evolved carbonic acid in a room the amount had decreased one- 
half from that cause in 90 minutes. 

The amount of purification produced by diffusion under ordinary circum- 
stances is shown by observation to insufficifuit, and, in aiUlition, organic sub- 
stances, which are not gjiseous, but molecular, are not affected by it. As a 
general ventilating jicwer it is therefore inadequate. 


Sub-Section 11. — The Action of the Winds. 

The wind acts as a ixiwerful ventilating agent, and in various ways. If it 
can pass freely through a room, with open doors and windows, the effect it 
produces is immense. For example, air moving only at the rate of 2 miles an 
hour (which is almost imperceptible), and allowed to jmss freely through a 
room 20 feet wide, will change the air of the room 528 times in one hour. 
No such powerful action as this C4in be obtained in any other way. 

The wind will pass through walls of woikI (single-cased), and even of single 
^rous bricks, when it attains a certain vel<K5ity, and |>erhap8 this will account 
tor the fact, that such houses, though cold, are healthy liabitationa Plaster, 
however, appears to arrest wind^at any velocity, if it be tnie, as stated, that 
in the interior of some tiiick wall^ after many ytMira, lime has been found still 
caustic. And the resistance of a certain amount of brick or porous stone is 
so that none, or a very small amount of air will jtass through.^ 

There are two objections to winds as ventilating agents by pemation. 
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!• The air may be stagnant In this oountiy, and, indeed, in most coun- 
tries, complete quiescence of the air for more than a few hours is scarcely 
knowBu Air is called “ still ” when it is really moving 1 or 1 J miles an hour. 
The average annual movement of the air in t]^ country is from 6 to 8 miles 
per hour, but it varies of course greatly from day to day. It is between 5 and 
6 miles in Northern Germany. 

2. A much more serious evil is the uncertainty of the movement, and the 
difficulty of regulation. lr\Tien the velocity reaches 5 or 6 feet per lecond, 
unless the air be warm, no one will bear it. The wind is therefore excluded, 
or, if allowed to enter directly through small openings, is badly distributed. 
Passing in with a groat velocity, it forces its way like a fortjign b<>dy through 
the air in the room, causing draughts, and escaping, it may be, by some 
opening without proper mixing. 1 have measureil a current entering in this 
way for many feet. In spite of this inconvenience, there can be no doubt 
that in every case, when it can be done, a thorough cross-ventilation by 
opposite windows should be provided, so that advantage may be taken of this 
vast ventihiting power. In other cases, the wind can be allowed to blow 
down a tube, and this is esj^ecially calculated for certiiin six^cial cases here- 
after mentioned. 

But the wind acts in another way. A moving body of air sets in motion all 
air in its vicinity. It drives air l)efore it, and, at the same time, causes a partial 
vacuum on either side of its o^vn path, towanls which all the air in the vicinity 
flows at angles more or less approacliing right angles. In this way, a small 
current moving at a high velocity w'ill set in motion a large btwly of air. 

This may be tested at once by placing a small card on one side of a candle, 
and blowing strongly along the side away from the candle. The flame will 
then bend in t<jwanls the card. Ur, 1»y arranging a Woolf’s bottle with 
open tubes of unequal length, and by blowing along the top of one or other 
tube, the air may Ix^ made to pass up or down either, at pleaeura 

The wind, therefore, blowing over the tops of chimneys causes a current 
at right angles to itself up the chimney, and the unec|ual draught in furnaces 
is owing, in part, to the variation in the velocity of the wincL Advantage, 
therefore, can Iks taken of this aspirating power of tlie wind to cause a move- 
ment of air up a tul»e. And in this way the wind may be made to do excel- 
lent service in ventilation. 

The wind, however, may impede ventilation by obstructing the exit of air 
from any particular opening, or by blowing down a chimney or tul>e. This 
is, in fact, one reason of the failure of so many systc^ms of ventilation ; they 
may work well in a still atmosphere, but the immense resistance of the i»ind 
has not been taken into account, and the plan w liich works beautifully in a 
model fails on the large scale. 

In some systems of ventilation the perflating power of the wind has been 
used as the chief motive agent. In Egypt the wind is allowed to blow 
in at the top of the house through large funnels. This plan has been 
in use from time immemorial. This was the case in Mr Sylvester’s plan, 
which was used at Derby and Leicester forty or fifty years ago, A large cowl, 
turning towards the wind, was platsed in a convenient spot near the building 
to be ventilated— a little above the ground if in the country, or at some height 
if in a town. The wind blowing down the cowl passed through an under- 
ground channel to the basement of the house, and entered a chatr^r in which 
was a so-called cockle-stove, or caloriffire of metal plates, or water or steam 
pipes, by which the air was warmed. It then ascended t^ugh tulxMi into 
the rooms above, and passed out by a tube or ixilm in the roof, which weie 
covered by cowls turning from the wjnd. So that the aspiratory power of 
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the air was also used. This plan is extremely economical and successfiiL 
ITie movement of air is, however, necessarily unequal, and it is difficult to 
regulate it. It has been proposed to place a ian in the tunnel to move the 
air in periods of calm, and the plan then becomes identical in principle, and 
almost in detail, with the method of Van Heftke. 

Mr Bitchie ^ has employed a similar plan in the ventilation of a dwelling- 
house ; a current of air (of eight square feet in stHJtion) was introduced into the 
hall and staircase of the house by air-openings to the prevailing points of the 
wind. The air was warmed in winter to about 70° Fahr. ; every room liad a 
longitudinal opening over each door, concealed by the architrave, and regu- 
lated by valves, and through this the warm air from the staircase entered 
the rwms, and then passed up the chimney, and up outlet air-flues placed in 
the walls, commencing at the ceiling, and ending at the wall-heads under the 
roof. The area of the opening into tlie room -was made just equal to the 
sum of the throat of the cliimney and the outlet air-fluea. 

Dr Arnott ventilated the Field Laim Bagged School on this principle with 
excellent effect, os is shown by the tmnexed cut. In this case, as in all othem, 
the movement is also in part carried 
on by the third cause of motion in 
air, vi/., ilie effect of uneipial density 
of masst^s of air. 

In the ventilation of ships, the 
wind is constantly used ; and by 
wind-sai Is, and tubes with cowls turn- 
ing towards the wind, air is driven 
between decks and into the hold. 

In using the wind in tliis way, 
the difficiilty is to distribute the 
air so that it shall not cause 
draughts. I'his is Imst done by 
bending the tubes at right angles 
two or three times, so as to lessen the 
velocity, by enlarging the channel 
towards the 0 })ening in the interior 
of the vessel, and by placing valves 
to partially close the tulwa, if neccs- Fig. 8. 

sary, and by screens of wire gauze.^ 

In all ca8(^ in which the air of a room, as in a basement story, or in the 
hold of a ship perhaps, is likely to be colder than the external air, and when 
artificial means of ventilation cannot be employed, the wind should be taken 
advantage of as motive agent. 

Th<‘. aspiratory power of the wind can be secured by covering air-shafts with 
moveable cowls turning from the wind, and special fonns of covering here- 
after descrilmil, which aid up currents and prevent down draughts. 

Hub-Sbction hi. — Movements rRonucEO by Unequal Weights op the Air. 

The wind itself is caused by this power ; but it is noa?ssary, in discussing 
ventilation, to look upon this as if it were an independent force. Whenever 



♦ Timtiae on Ventila.tioii, by Hobart Ri&hie. C.E., 1852, p. 89. 

t Ai the use of perforated nnc plates and or wire^gaoxe Is very coinmon in ventuation, it is 
neoeesary to bear in mind that these screens very soon get clogged with dirt In aU cases they 
should be so arranged as to be easily inspected and cleaned ; and It should be a matter of 
routine duty to see^t ^ey are oonstanily kept clean. It should also be understood that the 
atnount of mction offered by tliese eniall openings is exceedingly great. 
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a mass of mr becomes ex|)a]ided, either from increase of temperature or from 
expansioxi caused by au^entation of watery vapour, it l^ecomes lighter, and 
ascends. Tlie cause of its ascension is best understood by supposing the air 
of a room to be of the same temperature and humidity as the outside air, liy 
an equal bulk of which it is exactly counterbalance. The air is then 
motionless. If, however, it be heated by fire, or the j>re8ence of men or 
animals, or be made moister, it expands in all directions; and, if it can 
escape, tlie air in that given space (the room) is no longer as heavy as the 
colder air in an equal space outside, and is therefore forc^ up by the greater 
weight of the colder column. 

The amount of movement thus produced has l>oen calculated in various 
ways, in which, however, the tein^ieniture, and not the humidity, of the air is 
considered. Air rushes into a vacuum at the rate of 1339 feet per minute, 
and this fact is apj)lied to the jmrtial vacuiun caused by the rise in temiwra^ 
ture. Another mode of calculation is by considering the different weights 
of the two une<jually heated columns as like two weights suspended by a 
cord on a pulley, and dmwing against each other, and the actual weight in 
grains or pounds of the two columns can be easily stHui, if the cubic spatje 
is known, by the tables given in the chapter on meteorology, of the weights of 
unequally heated and^moisteiUKl air.* 

The theorem for felling bodies is, however, most generally used. The 
difference of height of two uno<iually htMited columns of air l>emg known, 
the rate with which the lighter one is pushed up is (Hpial to the velocity 
which a body would acquire by felling frecdy through the difference of 
height The velocity of a body falling frc^ely is ecjual to 8 times the B(|uare 
root of the height of the descent. 

To make this calculation wo r<^quir(‘> first to know the original height of tlie 
column of air and its increase? of h)m|H^mturt?. A veiy simjdo calculation will 
then show wlmt has lK?en the increase of the height. 

Thus, 8upjx»sing a coliiiuii of air lx? 20 f<L?et high, measim?d frcmi the floor 
of a room to the jwiint of discharge through a tube alx)ve, and tliat its temj>e- 
rature be raised 15'" Fabr., the co-efficient of expansion by heat for each 
degree Falir. is 0*0020301 (or 

IncTtiJUM} of Height of 
teiu]\ column. 

•0020301 X 15 X 20 -X 0*01 feet 
The increase in the height of the column, or, in oth<*r words, the height of 
the descent, is thenffore 0 01 feet llie sejuare root of Cl (expressed in deci- 
raab of a foot — *781) is now to be multiplietl by 8. 

*781 X 8 -^6*248.*^ 

6*248 linear feet per sexiond is therefon? the velocity of efflux, provided there 
l>e no loss from frictiomt But in using this rule te wdculate the movement 
of air in tubes, J (and in long or l)ent tulK?s J, or even |) is oblige<i to 
deducted for friction. The diminution of vchxjity from friction is in propor- 
tion to the length of the tul)e, and is inversely as the diameter. Kight andes 
gimtly increase the friction in the proportion of the sines of the angles. Ibe 
friction increases also as the square of the velocity, 'file dtxluction of |th 

* Mftnv of points are given in Hood’s Treatise on Wanning and Ventilatkm, and In 
Wolpert {Princimender Vent um LAtfthemmg)^ and are alfg> in fiart flisctissed in 
dt la ChaJUwr, Sd edit.), to whtoli reference is made for those who wish to enter Into the mat^ 
matical part of the inquiry. 

t This is frequently called the Buie of Montgolfier. The fonuula Is e : g being 

the distance a body falls throni^ in the first scixmd of time (16*09 feet), and H the tie^U of 
the descent 
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would leave 4*686 linear feet per eecond ae the actual discharge. U this he 
multiplied by the area of the opening, in feet, or decimals of a foot,* the 
amount is expressed in cubic feet per second, and multiplying by 60 will give 
the amount per minute. 

A table is given at page 128, in which this calculation has b^n made for 
aU probable temperatures and heights. 

This cause of movement is, of course, constantly acting when the temperature 
of the air changes. It will alone suffice to ventilate fidl rooms in which the 
air is hotter than the external air, but will not answer when the air to be 
changed is equal in temperature to, or colder than, the external air. 

As its action is ec^uable, imperceptible, and continuous, i{ is the most useful 
cause in natural ventilation in cold cHmates, in inhabited and warmed rooms, 
and in all habitations arrangements should Ihj made to allow this cause to act. 
As the action increases vdth the difference of temiK*Tature, it is most powerful 
in winter, when rooms are artificially warmed, and is least so, or is quite 
arrested in summer, or in hot climates, when the intenial and external tem- 
peratures are identical 

How powerful its action is may be seen from the following statement: — At 
the Hospital Lariboisi^re in Paris, a jwwedul fan is used to driven air into some 
of tlie wards, at a considerable cxixmse. It lias been lately shown by General 
Morin that the movement of air in the wards is, however, chiefly produced by 
natural ventilation, arising from difference of temi)eratiire. (July 14*9 per cent 
is on an average due to the fan, and in tw*o experiments it was as low as 12*4 |)er 
cent No leas than 85*1 jier cent, of the movement was from natural ventilation. 

Sub-Section IV, — Practical Application of the General Statements on 
^^ATURAL Ventilation. 

1. No particular arrangeimmts are necessiuy to allow diffusion to act except 
that there aliall Ixi communication Initween two atmospheres, 

2. To obtain the ix.rliation of the Mdnd, windows should be placed, in all 
cases where it can bo managed, at opposite siiles of a room, llie windows 
should open at the top, and in axse the wind has a high velocity, means 
should bi) taken to distriliiite it. This can Ik* done by sloping the window 
inwards when it ojiens, a plan wdiicli answers lulmmvbly at the Middlesex 
Hospital, wheni the window.^ are divhled into thrt^e parts, which open slop- 
ingly by a lever and pivot. A boanl may be pla(.*,ed obliquely upwanls from 
the top sash of the window, when it ojx'iis in the usual way ] then the air 
striking against the board is thrown up towards the ceiling. Tlie Patent 
Ventilating Commny nw.* a wire screen, which folds up when the window is 
shut, and unfolus wlien the window is pulled dowiL The velocity of the 
wind is checked by the gaiue, and the cummt is minubdy divided. All these 
plans are good, eBp(^*ially the one ailopted in the Middlesex Hospital 

Various plans have Is’en pnijKised by diflen*nt jwrsons. The panes of 
glass may lie made double, sjMiccis U^ing left at the Mfum of the outside pane, 
and at the top of the inner one, so that the 'lyuKl is obliged to pjiss uj) between 
the two panes before it enters the room. Or, the lower sash Ixdng raised, 
and a piece of woml placed IwUnv it, the air is allowed to pass through 
the si>ace left Iwtween the ujqxw and lower sashes. Or, glass louvres, which 
can be more or less closed, arci ]ilaced in one of the pmiis of the window ; or a 
number of holes are obliquely lH>r©d through tlie panes, tlmmgh which the air 
may jiass up towards tlie ceiling liefore it intermiKes with the air of the room. 

* It will \m found always mtht to take tke am in dooinialM of a foot instead of Indies ; bnt 
if It be taken in Indtee, naoltiiily tbe linear dlHcbaige by the tnimber of sqnaie inches, and 
divide by 144, 
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Besides windowSi special openings may be provided for the wind to blow 
through, as in the plans already referred to of Mr Sylvester and Dr Amott 
In all warm clixnates, where no chifll can be produced by wind, it is a good 
plan to make the walls entirely pervious. Nothing can be better than the ven- 
tilation of the bamboo-matted houses in Burmah. The wind blows through them, 
but is so broken up into currents that it is not in tlie least unpleasant Even 
in colder p^s of India the upper parts of the walls might be made thus per- 
vious, provision being made to cover them, if necessary, in the cold season. 

To obtain the full effect of the a«?pirating power of the wind, cliimneys or 
ventilating tul)e8 should be fitted with cowls turning away from the wind. 
The cowl should ho large, and should expand greatly towards the end, so as 
to make the calibre of the opening several times greater than that of the tube 
(fig. 10). Most cowls on chimneys are too small The upper lim should 
also project a little, so as to lessen the chance of rain getting in. 

.pother form of covering is represented in fig. 9, and is also drawn in 
section (fig. 11). IVhichever way the wind blows it almost always causes 
an up-draught. A little rain, however, may possibly penetrate, but otherwise 
it is as good as the cowl 



ctV. t, i, p, 241^ flgnisi a vaiiaty of chimiioy covinriikga, %Dd many otlMmi 
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turning with a vane ; on the side opposite the wind is an opening through 
which the air escapes (fig. 12). 

3. The movement produced by unequally heated bodies of air, will, of 
course, go on through open windows and doors ; and through all the con- 
tnvances just mentioned. But as windows and doors must sometimes be shut 
in cold climates, no room of any kind should be without openings (in addition 
to doors and windows), which may permit this movement from unequal 
temperature to go on. The great difficulty here, is to exclude the action of 
the wind ; and, in fact, it is impossible to do so ; but as far as possible, 
the 0 {)ening 8 should be protect^ from the perflating influence of the 
wind ; so that only its aspirating force should be acting. Tliey should be 
capable of being lessened in size, 'when the difference of the external and in- 
ternal temi.)eraturc8 is .great. As long as there are openings, movement will go 
on ; and it docs not redly matter, as long as there is proj.>er distribution, where 
the air comes in or goes out, or whether its direxdion is constant. In fact, it 
scarcely ever is constant, so liable is the direction to be altered by winds, the 
action of the sun heating one side of a room, the unequal distribution of heat 
in the room, Ac. Still, it seems desirable, as fur as it can l)e done, to make 
such arrangements as shall give the movement of air a certain direction ; and 
ihertffore, in most systems, sonuj of the openings are intended for the admission 
of fresh air. Theae are called inlet, entrance, or adduction openings ; others are 
intended for the disfdiarge of inipun^ air — exit, outlet, or abduction openings. 

Total aize of all the openings^ whether intended f<w Inhia irr Onilets. — As the 
movement of air increases with b^mpemturc, the size of tlie a]H?rtures can only 
l>e fixed for a certain given bmipemturii ; and as the efflux of hot air increases 
with the height of the column {sup|>osiiig the tempenitun; is e<|ual tlu*oughout), 
a different size has also to Imj fixed for different heights. 

Supposing that the height of the heaUd column l>e 1*5 feet, a diflerence of 
ten degrees iKjtween the exUjriial and internal air produces an efflux (allowance 
being made for friction) of about 12,000 limjar feet per hour. For an opening 
of 1 sqimre foot, 12,000 cubic feet would Ihj therefore discharged ; and if the 
discluirge per man is to Ikj 2000 cubic feet ])er hour, the share of outlet sjmee 
[Hjr man will be, of course, one-sixth part of a sipiare foot, or 24 square inches. 
There must be, of courst^ au equal amount of inlet ; so that the inlet and 
outlet together would Ix) 48 square inches per head. This, therefore, would be 
the total ojMMi area necessuiry for each person, independent of all o^wnings by win- 
dows and doors. This is nearly equivahuit to a square opening 5 inches (4*9 
inches) to the side. In hospitals more must l»e given, as more air is necessary. 

To get the total size of the openings for any room containing healthy per- 
sons, multiply, then, 48 by the numW of j)er8ons, and the result is the total 
section area to be provided, expressed in square inches. For hospitals, mul- 
tiply 72 by the numl)er of persons. 

If the columns of hot tur be higher than 1 5 feet, the openings can be made 
smaller, provided the iemjasmturo be the same tlirougliout. The exact size 
can l>e deteimiined by the table, p. 128, if it be thought necessary. 

Sir Joshua JebKs experiments, refemHl to in the Ib[‘|K)rt of the Barrack 
Committ<x> (1855, p. 108), give an amount of 35 to 50 square inches for 
inlet and outlet ; but in this C4isc, extraction by a fire w%as in forc;e. 

The Barrack Commissioners of 1861, whos«.‘ plans are now used in all the 
Imrracks and military hospitals of the British anuy, order, on an average, 11 
square inches of outlet for each man, in addition to the chimney ; or for a room 
of twelve men, an outlet tube of nearly 1 8i]uare foot su|)erficie8 is provided. 
The exact amount depends, however, on the position of the barrack-room, or 
in other words, on the height of the outiet shaft; in the lowest story of a three- 
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storod buildiRg^ only 10 square inches are given per head. {See Babeaoks.) 
The area of the inlets is made nearly equal to that of the outletefaaft (10 to 
11 square inches). The total area of i^et and outlet is therefore 22 to 24 
square inches ; but there is also the chimney, which in barracks and hospitals 
gives, on an average, about 6 square inches to each man ; mak i n g the total area 
of openings alK>ut 28 to 30 square inches per head. In hospitals, these 
niunbers are doubled. This plan has wonderfully improved the ventilation 
of barrack-rooms ; and a chan^ of air, e(|aivalent to about 1200 cubic feet per 
head per hour, is, on an average, secui^ in barracks.* 

Beldtive size of the Inlets and Outlets , — ^It is commonly stated tliat, as the 
heated air expands, the outlets should be larger than the inlets, and the great 
disproportions of 5 to 4 and 10 to 9 have be«?n given. As, however, the 
average difference of temperature is only about 10® to 15® Fahr. in this country, 
the disproportion is much too great, as a cubic foot of air only expands to 
1*020361 cubic feet, with an increase of 10®. Even if the difference is 30® 
Falir. a cubic foot of air only becomes 1*061 cubic feet, which is equal to 
an increase of alxnit yVth. llie difference is so slight that it may be ne- 
glected, and the inlets and outlets can be made of the same size. 

It is desirable to make each individual inlet optming not larger than 48 to 
60 square inches in arcii, or enough for two or tlm*e men ; and to make the 
outlet not more than 1 square foot, or enough for six men. Distribution is 
more certain with these small o|)etiiiigrt. 

Position and Lkscripfhm of the Inlet and Outlet Talm. — 1. Inlets . — Tire air 
must be taken from a pure source, and there must 1 h> no chance of any effluvia 
passing in. As a rule, the inlet tul)es should be sliort, and so nuule as to 
Ciisily cleaned, otherwise dirt lodges, an<l the air Incomes impuit^. Inlets 
should not be hvrge and single, hut ratlier numerous and small (from 48 60 

inches sujieriicial), so that the air may piv)jHJrly distributed. They should 
be conical, or trum|Kjt-slia}KMh whort^ they enter the room, as the enbmng air, 
after jx^rhaps a sliglit (joiitraction, .spnmds out fan-like, and a slight Imck- 
current from tlie room (h»wn the sides of the funnel fimilihitcis the mixing of 
the entering air vrith that of the room. To lesmni the risk of immediate down- 
draught they should tuni upwwds, if th<*y are placed al)ove tln^ heads of the 
{)er8ou8. Externally the inlets should Ix^ jitirtly protecb'd from the wind ; 
otherwise the wind blows through tlu^m bxj rapiflly, and, il* the cumnit 1x3 
strong, draughts are felt ; an overhanging shelf or hood outside will answer 
pretty well. Valves must be providtxl to jxirtially close the oix3nmgs if the 
wind blow.s in too strongly, or if the cliange of air is too wvpid in cold weather. 
In many cases (for example, when they eut<?r at the Isittom of a rtssm, aiul 
the air is not warmed) the IuIkjs should be covered with ndre-gauze, so as to 
bretik up the entering cumjnt into small streams ; but the o[Kuungs must not 
be too small, otherwise friedion may 1x3 great enough to eheck tlie entrance. 
The wire-gatize must be fm^uently cWnoil. 

Sometimes an inlet tulxj must l»e carried some dishmeo to an inner r<x)m, or 
to the opposite side of a largo room wdiich is unprovided with cmss-vcntilatioii. 
In this case tlie heat of the room so wanns the tube tliat the wiml may 1x3 
permitted to blow through it. 

• Woljxirt (Prmeipien der VmtiUU. p. 169, 16(1) nven the foUowinx fortnuis for d«termmiiig 
the deciion area of a ventilating opening (pre»timably Wh inlet and outlet). Let H he t^ 
of the room or tube to the point of diaeharge ; P the nnmlier of persune in it ; and 3 a constant 

^ X 8. 

If ga»-lightd are In the room, tlic constant muat l)e 1 *5. The number obtained gives the area 
or parte of a sgttare foot The formula seems tc» give too small a section area. 
It is to be always remembered, tliat, as regards ventilation, chUdrtm are to 1x3 reckoneii as adulis. 
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The position of the inlets is a matter of some difficulty. K there are seyeral^ 
they should be^ of course, equally distributed through the room, so as to ensure 
proper mixing of the air. But the jKwition of the outlets must, in part, deter- 
mine their position, as, if placed too near an outlet, the fresh air may at once 
escape ; they must therefore be sufficiently distant from the outlets. Theore- 
tical^, their proper place of entrance is at the bottom of the room, but if so, 
the air must in this climate be warmed ; no person can bear the cold air flowing 
to and chilling the feet. The air can be warmed easily in various ways, viz. — 
(a,) The air may pass through boxes containing coils of hot-water inpes, or 
(in factories) of steam-pipes. This is the best mode of warmi^. The coils 
may be close to the outside wall, or in the centre, or in hospitals in boxes 
under the beds, communicating with the exterior air, and opening into the 
ward. This is an excellent phm, as the coniined 8])ace below the l>ed, and the 
bed itself, are purifled, and the fresh air rising on both sides of the bed at 
once dilutes the air of respiration and transpiration. (See Hospitals.) 

(/>.) The air nuiy pass into air-cliambers behind or round grates and stoves, 
ana oe tliero wanned, as in the present barrack and hospitd grate, contrived 
by Captain Galton ; or as in the Meissner stove of Germany, an old and excel- 
lent contrivance ; or as in the terra cotte stove, in the Herljert Hospital at 
Woolwich (See Wabming.) 

(c.) The imm may Ijo made to mu for some disttmce inside the room, so 
tliat they may lKMX>ino wanu ; metal tubes miswer best for this purjx)8e, and 
Uie in\m sinaihl Ix) small. 

If the air cannot l>e warmed, it must not be admitted at the bottom of the 
room ; it must 1x3 let in above, alxmt 8 or 9 feet from the floor, and be directed 
towards the ceiling, so tliat it may piss up and then fall and mix gradually 
with the air of the room. The Barrack Commissioners have adopttid this plan 
with liall' the fresh air brought into a barrack-room ; the oilier half is warmed. 
It answers very well. 

The fresh air may bo intrcxluced at the top of the room, as in M^Kinncirs 
plan, and, if jirop^rly distributed, this arrangoment answers very well But lK)th 
these last modes must be considered inferior to the lirst if the air can be warmed. 
In town or manufacturing districts tlie air is so loaded with particlea of coal, 
or, it may Ixj, other powders, that it must be tiltered. Notliiiig answers better 
for this than muslin, or tliin p>mus flannel sp^e^ul over tlie ojiening, which 
tlieii should be made larger. This covering can 1x3 moistened if the incoming 
air be ttx) dry. 

2. OuikU . — ^Tlic place for the outlets is a most iin|K)rtant consideration, 
os it will determine in great measure tlie }H)8ition of the inlets. If there an^ 
no means of heating the air [xissiug through them, they sliould l)e at the top 
of the room ; if there are means of hejiting them, they may be at any point 
If not artiticially warraid, tlie highest outlet tube is usually the point of 
greatest discharge, and sometimes the only one, 

(a^) Outki Tulm icifhaut Artificial Heat — Tlu^y should be placed at the 
liignest point of tlie room ; should be enebrntd as far as possible within walls, 
so as to prevent the air l>eing cooled ; shou^ lie straight and with iierfectly 
smooth internal surfaces, so that friction may be raduced to a minimum. In 
sliape they may be round or square, and they must Ixj coverad aliovo with 
some apparatus (the cowl, hexagon tube, &c.), which may aid the aspirating 
power of the wind, and prevent the passage of rain into the shaft (see page 108). 
llie louvrod o])enuigs ore not the liest. 

The causes of down-draught and dowm-gusts in outlet tubes are, — ^the wind 
forces down the air, rain gets in, ami, by evaiioration, so cools the air that it 
bcK3omes heavier than the air in the room, or the air becomes too much cooled 



112 


AIK. 


by pasAnge ilmnigh an exposed tube^ so that it cannot overcome tlie weight 
of Ibe superincumbent atmosphere ; or another outlet shaft, with greater dis> 
charge, reverses the current 

Arrangements should be made to distribute the down-draught, if it occurs; 
flanges placed at some little distance below, so as to throw &e air upwards 
a^n b^ore it mixes with tlie air of the room, or simple contrivances of a 
similar kind, may be used. Valves should be also fixed to lessen the area 
of the outlet when necessary. If there are several outlet tubes in a room, all 
should commence at the same point, be of the same height (or the dischmige 
will be unequal), and liave the same exjwsure to sun and wind. 

Simple ridge oj)ening8 may be used in one-storied buildings with slanting 
roofe ; they ventilate most thoroughly, but snow sometimes drifts in. Koin 
may be prevented entering by carrying down the sides of the overhanging 
ridge for some little distance. A flange placed some little distance below 
wiU throw any down-draught towards the walls. 

(6.) OidleU with Artijicktl Wartnth, — ^The discharge of outlets is much more 
certain and constant if the air can be warmed. The chimney and open fire 
is an excellent outlet ; so good that in dwelling-hous(5S, if there are prol>er 
inlets, no other outlet ne<^ be made. 'When rooms ait^ large, and more 
crowded, other outlets are necessary ; the luiat of the lire may be farther 
utilised by shafts round the chimney, opening at the top of the room, or, in 
other words, by surroxinding the smoke-flue with foul-air shafts. 

Gas, if used, should in all cases be made to warm an outlet tube, both to 
carry oft‘ the products of combustion, and to utilise its heat The heat ar- 
rangement appimrs to l)e to place over the gas-jet a tul)e to carry off the pro- 
ducts of combustion, and to case the pipe its^df u’ith a tube, the opening of 
which is at the ceiling ; the IuIk? carrying off the gas products is hot enough 
to cause a very considerable draught in its casing, and thus two imtlet currents 
are in action, one over the gas, and one from the ceiling round the gas-tube. 

In various other ways the heat of tire and lights may Iw taken advantage of. 
There wdll be seldom any difliculty in amiiiging the inlets and outlets, and in 
obtaining a satisfactory result, if these principles are borne in mind, vir., to 
have the fresh air pure, to distribute it properly, to have the relative ]K)sitions 
and sizes of the inlets and outlets so arranged as to keep the curnmts vertical, 
and to adopt every means of warming the outlets, and of distributing the air, 
which, in spite of all precautions, will occasionally [uiss down them. 

In hot climates, when outlet shafts are run up ii]x)ve the general level of the 
building, it would ])e of a<lvantage to make them of brickivork, and to colour 
them black, so that they may al»8orb and retain heat. 

Under the headings of the different military buildings, the plans to be used 
in each case are particularly descrilx»d. 

Sub-Section V. — Plans of Tubes and Shafts which have been Pboposed. 

In most of tlie plans which have been proposed, the inventors have not 
distinctly seen that the influence of the winds and of Uie movement of air 
produced by unequal temperatures must be carefully distinguished, and, as 
far as can bs done, provid^ for. 

1, Openings at once to fAc Outer Air for Inlets^ the Chimney being relied m 
for the Outlet or Special Tubes Jmd in, — Perforated or air bricks am let into 
the walk A usual size is fl x 3 inches, and tlie united area of all the sevend 
openinfp in one brick is about 11 J square inclies. Another common mm k 
10x6 inches, with an open $xen of about 24 square inches. Tlie wind blows 
freely through them, and drau^ts are produced. 
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The Sheringham valve is an improvement on this ; the air passes through 
a perforated brick or iron-plate, and is then directed upwards by a valved 
opening, which can h& closed, if necessary, by a 
balanced weight (fig, 1 3). The size of the internal 
oi>ening is, in the usxiabsized valve, 9 inches by 3, 
and the area is 27 inches. These valves are usually 
placed towards the upjwr part of the room. The 
wind blows through them, and the movement is 
therefore variable. They are often outlets ; it will, 
in fact, depend uj)on circumstances whetlujr they arr) 
inlets or outlets. Very little draught is, however, caused by them, unless 
with a high wind ; tliey awi well adapted for small rooms, but if used in 
large rooms, there must l)e a considerable numlKjr of them. 

An open iron frame of the size of a brick, covered with perforated zinc, 
and with a valve to close it, if nec(?ssary, is a still simpler j»]aii, and the air is 
pretty well distrilnihAd. The gauzt? sliould be cleaned frequently. Tlie 
National Ventilation (\)mpaiiy fix folded wire-gauze* screens at the top of the 
windovrs ; when the window is tjpened, tlic screen is unfolded. Mr Louch, 
of Dublin, uses a wooden l>ox, wliich contains 3 or 4 partitions of jKuforated 
zinc, and can be closed inside by a sloping cover ; tlui ])ox is placed obliquely 
Ui rough the wall under the eaves, and the air is 1 broken into currents })y the 
zinc, and is then thrown up towards the ceiling by the sloping cover. This 
answers well in calm weath<*r, but the wind blows tlirough, and tlraughts are 
caused As outlets, Mr l^ouch fixes straight tul>es in the highest part of the 
room, covered below by j>eribratod zinc, ami alK)ve by a hood. In high winds the 
air is driven down th(*se tubes, as the liood does not protect from down-draught. 

The Barrack (/OTumissioners have placed in the 
barracks an oiwning about 7 to 10 fenjt from the 
ground ; inside the room thew^ is a fixed triangular 
b(;x, close<l at the sides and oi)en al>ovc. The <q>en- 
ing is much larger than tlie external opening. It 
was protected by wire-gauze, Init this is now found 
to be unnecessary. 

A plan proj:>oHiHl by Mr Varley is said to have* 
workefl well in a school of 200 ehildrim ; a per- 
foratcil zinc tubt^, opening inUi the external air, 
runs round the cornice of three sides of the room ; 
on the fourth aide, another |Xirfonit<Ml zinc tula* 
is connected with the chimney. Many years 
ago, a similar plan was applied to emignuit sliips ; 
two tubes ran the whole length of the Ix^tween Fig. 14. 

decks, just imder the upper deck ; the under side 

vma perforateil, and the tubes opened at the two ends extenially ; the wind, 
entering one end, blew sireiigly along the tulws, sending down a greait body 
of airand mending off the impure air from the other end. 

2. Tnlm of Differmt Kimift, — A single IuIhj Inis been sometimes used for 
inlet and outlet, a double currfmt lieing ©stabli.shed. lliis is, however, a rude 
plan, as there *ire no mean.s of tlistributing the air, and as tlie intermingling of 
the current and the friction of the meeting air is sometimes so great as 
to impede, or even for a time stop, Uie movement.* To avoid these incon- 




♦ The model of Wateon’s ventdating tube ta well mlapted for showing how opting 'ooiretitii 
of air block each other. Although the tube is of gnoil ftixe, a candle pla<^d in a iiell glass, into 

dee 

bumsigam. 




II 


114 


AIE. 


Watson proposed to place a partition in the tube (fig. 14), and 
Muir suggested the use of a double partition running from comer to comer, 
80 as to make 4 tubes. He covered his divided tube with a louvre, so as 
to make use in some degree of the aspiratory power of the wind on one 
side. 

In these tubes, accidental circumstances, such as the sun’s rays on one 
side, the wind, the fire in the room, &c., will determine which is outlet and 
which is inlet They are so far Iwtter that the partition divides the currents 
and prevents friction, but there is the same irregular action and changing of 
currents from accidental circumstances, so that the direction of the currents and 
their rate are variable. The distribution of the entering air is also not good. 

Much better than these plans is M*Kinneirs circular tul)e. It consists of 
two cylinders, one encircling the other, the anui of the inner tube and 
encircling ring being equal. The inner one iws the outlet iuha ; it is so 

because the casing of the other Uilx? mainhiins 
the temperature of the air in it ; and it is also 
always made rather higher than the other ; 
above it is prota^ted by a hood, but if it hml a 
cowl tiuning away from the wiiid, it would l)e 
better. Tlie outer cylinder or ring is the 
inlet tube*, ; the air is tak(3ii at a lower level 
than the k)p of the outlet tulxi ; %vhen it 
enhjrs the rorun, it is thrown u]» to wants the 
ceiling, and tlien t<» the? walls by a flange 
pluceel on the bottom (»f the inner tuW ; the 
air then j^usses from the walls along the floor 
toM'anls the centre ot the rf>oui and upwartls to 
the outlet shaft. (Fig. 15.) lk)th tulies can 
Ih? clo.Hed by valves. If there is a fin^ in the 
room,}K»th tub(»s maylK?come inlets, in that case 
the outlet tulH» .should l)e e low'd ; if (io<.)r8 and 
windows are o|M?n, both tul)c?s lajcome outlets. 

The movement of air by this plan is imjHin?i*ptible, or almost so ; it is an 
admirable mode for square or round rooms, or small churches ; for very long 
rooms it is less adapted. 

The tul>e is made of all sizes, from 6 inche.s in diameter, which is adapt'd 
for a sitting-KKun, up to 7 or 8 feet, which is tlie size* used in some churches. 





Fig. 16, 


• V«ntihiticm by mmmot 
r4n)m, OW^sdiiigii of Kaya] 


The two tubas, after paasing out of the room, 
may be taken in difibrent directions, care being 
taken that the inner tulw is always the longest, 
1 ^ an<l, if possible, with the fewest curves. 

If the two tubes can be kept together for some 
distance, an advantage would perhaps be gained, 
as the hot air would transmit a jK)rtion of its 
heat to the air in the outer tulw, which would 
enter the room at a higher temperature than 
would otherwise l)e the case ; some loss of move- 
meat would result, but this would be trifling. 

Dr Chowne ^ has proposed an inverted syphon 
for an outlet tube. He finds that in an inverted 
s^bon there is a current up tlAe long limb, mid 
this is, in fact, power ful enough to overcome the 

^ sir^uypbon, and mofctment is stmoi^bsiic 
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xesistanoe of the air in the short leg, and to draw a current down the short leg 
with considerable force, which is proportioned to the excess in length of the 
long leg. The cause is perhaps tlie fact, that the temperature of the air in 
the long limb is higher, though Dr Chowne has not been able to detect this 
by the thermometer ; ho thinks that the chaises in the amount of watery 
vapour play some part in the production of the current. 

Dr Chowne proiM)ses to make the chimney the long leg of the syphon, to 
make the junction at or just above tbe throat of the due, and so let the short 
kg open near the ceiling of the room. Separate inlets are provided. From 
personal observation, 1 cjan testify that a good movement of air is thus obtained. 

Dr Amott’s chimney ventilator is a valved opening at the t<)p of the room, 
leading at once into the chimney ; and, like Dr Chowme’s syphon, has the great 
advantage of drawing the air from the top of the room ; it has been, and is, much 
used, but has the inconvenience of occasionally allowing the reflux of smoke. 

Of thcise various plans, M^Kinnell’s should Ije chosen, if the air must be 
admitted at the top of the room ; and it is well adapted for guard-rooms, c^Us, 
and rooms of small dimensions, w^hen it is dt^ired tc^ have the ventilating ap- 
paratus out of reach. Watson’s divided tul»e can also be used, but is less 
useful tlrnn M‘Kinneirs. 

Under other circuinstancas, it is best to keep the inlet and outlet tubes 
distinct. The plans for military buildings are given iinder the respective 
headings of llariucks and Hospitals. 


SECTION II. 

ARTIFICIAL VENTILATION. 

Artificial ventilation is accomplished in two ways ; either the air is drawn 
<mt of a building or room (the method by extraction), or it is driven in, so as 
to force out tlie air already in tin? room (the method by propulsion). 

Sub-.Section I, — Ventilation by Extraction. 

This is prtKluced by the a])plicatioii of heat, so as to cause an up^ward cur- 
rent, or by the sWani jet, oi* by a fan or screw, which draws out the air. 

I. Extraritfm hij Heat . — The ct)mmou chimney is a 'vvell-kno'wn example of 
this. There is a constant cuireiit up the chimney, when the fire is burning, in 
propv^rtion to the size of the fire, and of the? chimney. The usual current up a 
common sitting-room chimney, with a fair tire, is, as measuretl by an anemometer, 
from 3 U) 6 ftH?t |>er second. A very largo fire will bring it up to 8 or 9 feet. 
The movement caused by a kitchen or furnace fire is, of course, greater than 
this. If the ami of the fiwKJtion wdiere the anemometer is placed l>e known, the 
discharge can l>e stated in cubic feet. In a room I have often examined, the 
area of the throat of the chimney is 1 5 square feet ; there is no down-tlraught, 
Imt an upwiird current, which, with a good fire, is 4 feet }>cr second. The 
discharge per second is Umn 6 cubic feet, or no less than 21,000 cubic feet per 
hour. The capacity of the room is 2000 cubic feet, so that a quantity equal 
to the total air in the room i-iasses up the chimney nearly 1 1 times hour. 
And yet, with this immense current, the room, when shut up with two or 
three persons, gets close. The reason is, that when tlie window is shut 
the fire is chiefly fed witlx air which enters below two doors, and which, 
flowing near the ground to the chimney, never properly diffuses through the 
yoom. The current near the ground moves from 1 *6 to 2*6 feet per second, 
and chills the feet. A few feet above the ground no movement can be dis- 

h2 
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coTerel IHs is an example of great movement but bad distribution of air, 
and consequently imperfect ventilation. 

When tbe air enters in more equably, and is better distributed, the move- 
ment of air is fmm the inlets gently towards the fireplace ; there is also said 
to be a movement, from alx»ve the fireplace, along the ceiling and down the 
walls, and then along the floor to the chimney. (Eeid and Stewart, quoted 
by the Barrack Commissioners. 

In the wards of Fort Pitt the current, with a good fire, is about to 
feet per second, and as the section-area of the throat is ’5 square foot, tht? 
average discharge is about 7200 cubic feet per hour. In the barracks of 
Chatham, Dr Fyffe foimd the discharge by the chimney to he 9080 cubic, 
feet per hour (average of six oWrvatioiivs). In the Imrracks at Gravesend, 
Messrs Hewlett, Stanley, and Eeed found the discharge to 1)0 6120 cubic feet 
per hour (average of twenty obser^’ations). In the cxj)oriment8 of tlie Ihirrack 
Commissioners,* the cliimiiey discharge ranged from 5300 to 16,000 ctibic feet 
per hour, the mean of twenty-five experiments l)eing 9904 cubic feet. Even in 
summer, without a fire, there is generally a gooil up-current, but it is difiicult 
to state the amoiuit. It may be then concluded tliat, with an ordinary fire, a 
chimney gives a discharge sufficient for four or five j>er9ons ; if, then, more 
than this number of f>er8ons habitually live in the room, anoUier outlet must 
bo provided. 

As the current up the chimney is so great when the iiro is lighted, all 
other openings in a room, if not too many, Ix^conie inlel-s ; and, in this w^ay, 
down-draughts of air may occur from tulx's intifiuhnl as outlets. There is no 
remedy for this, and, if too much enters, the outlets niu.st 1)€» more or less closed. 

If the room be without ojHjnings, so tluit no air can ivacli the fuv, air is 
drawn down the chimney, and a double cummt ivS e^stiblished, by which the 
fire is fed. This is one cau.'W of smoky chimuevs, the* dowm-current coming 
down in puffs, and is at once cured by making an inlet. 

The chimney and fire is the tyjns of a number of other similar modes of ven- 
tilation by extraction. 

Tine ventilation of mines is carried on by lighting a fire at the lK)ttom of a 
shaft (the upcast or return shaft), or half a shaft, if there l)e only one, Tlu^ 
air is drawn down the other or dowmeast or intfike shaft, or half the slmft, and 
is then made to traverse the galleries of the mine, l)eing directed tlii-s way or 
that by partitions. Double dmjrs are used, so that there is no imek or side rush 
of the air. The current passes up the u|>caHt-shaft at the i-ate of from 8 to 10 
feet per second ; it flows tlirough the main galleries at the rate of from 4 to 6 
feet per second, or even more, and from 1000 to 2000 cubic feet per head per 
hour are supplied in good minces. In fire-<kmp mines much more than this is 
given, even as much as 6000 cubic feet per man per hour (I^occ^edings of Civil 
Engineer, voL xii. p. 308). If the quantity of air l>e roduci^d too low there is 
a serious diminution in the amoimt of work performed by the men. A horse 
requires 2466 cubic feet, and a liglit 59 cubic feet per hour. It may easily be 
conceived how skilfully the air must be directed, so as to traverse the most 
remote workings ; in some mines a portion of air makf^s a circuit of from 30 
to 40 miles before it can arrive at the up-cust shaft. I'he of the shafts in 
a colliery vary from 8 to 11 or 12 fec?t in diameter; the sectional area of a 
shaft of the former sixe would be 50 square fw^t A current of 8 feet per 
second in the upcast^aft would give a discharge of 1,440,CK)0 cubic feet per 
hour, which would give 720 men 2000 cubic feet p<?r hour. 

The sectional area and height of the extracting-shaft, and of the tubes 


♦ Report, mi, p. 73. 
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ruiming into it, has been fixed by P^clet ; the principle is to give to the 
shaft the greatest height which can be allowed, and the largest section which 
can be given,* without permitting the temperature of the contained air to Ml 
so low as to be unable to overcome the resistance of the atmosphere at the top 
of the shaft, or the action of the winds^t 

In large buildings the same plan is often used; a chimney {cJieminie^appd 
of the French) is heated by a fire at the bottom, and into the bottom of this 
shaft, close to the fire, run a number of tubes coming fi*om the different rooms. 
Several Fiench and English hospitals, and many other buildings, are 
ventilated in this way. Dr Kcdd for some years ventilated the Houses of 
Parliament in the same manner, and so powerful was his up-draught that he 
could change the entire air in the building in a few minutes. 

In dwelling-houses it has been projiosed to have a central chimney, into which 
the chimneys of all the fires shall open, and to surround this with air-shafts con- 
nected with the tops of the rooms. It is supposed that, if other inlets exist, there 
will Ix^ a current lx>th up the chimney and up the shaft running beside it. 

In all these cases it njqumjs that the workmanship shall be very exact, so 
that air shall not reiich the extracting shaft except through the tubes. 

It is now exactly a hundred and twentv-^)ne years ago since Dr Mead 
brought before the lioyal Society Mr 8uttr)n's plan of ventilating ships on 
the same principle. Tubes running from the hold and various cabins, 
joined together into one or two large tuixjs which o]>ened into the ashpit 
beneath the cooking fircjs. If the doors of the aslipits were kept closed, the 
fires drew the air rapidly from all parts of the ship. Unfortunately, this plan 
never Ciime into general use. The same plan* was adopted by Dr Mapleton 
for the ventilation of the hosjutal ships employed in the last (1860) China 
war. TIkj arrangement requires some watchhig to prevent careless cooks 
from allowing air to reach the fires in other ways. 

On the siime principle, nien-of-war are now lading ventilated. The funnel, 
and up|x;r part of the boiler, and, as far as possible, all the steam apparatus, 
is enclosed in an iron <!asing, so that a simcc is left of some 3 or 4 feet be- 
tween the casing and the finmel When the fires ai*e lighted, there is of 
coiu'se a strong current uj) this space, and to supply this the air is drawn 
down through all the liaichways towards the furnace doors. The tempera- 
ture of the stoke-hole is rt^luced from or 140® Fahr., to 60® and 70®; 
and the draught to the fires is so much niore perfect, that more steam is 
obtained from the same amoimt of fuel I'his pltm, devised by Mr Ilaker, 
has Ixxm ingeniously applitMl by Admiral Fansbawe, late superintendent at 
Chatham dockyard, to the ventilation of every part, of the sliip where there 
ar(5 no 'wakr-tight compart uumts. Edmond’s plan coiubiues with this the 
ventilation not only of the hold, but of the tiinlxjrs of the ship. 

Sometimes, insWmi of a tire at the botUmi oi the chimney, it is placed at the 
top, but this is a mistake, as there is a gi’cat loss of heat from the immediate 
eaca})e of the hetited air; the proper plan is to heat, as much as possible, the 
whole column of air in the chimney, which can only be done by placing the 
fin^ IhjIow, 

Sometimes, instead of, or in addition to a firt>, heat is obtained in the shaft 


• De U Chaleur, 8d erllt. 1861, t lii. r, 66, ft aeq. 

f The amonnt of the reeiataiioe given ^ the movement of air throngh the tubes leading to the 
fthaft, and In the uliaft Itaeif, can be calculated from the fonmila given by P^let at page 47 
(t lii.), but which it ia unneoeaeary to introduce here. General Morin’s observationa show that 
the dlneience in the volumes of air passing through small o^^enings is in the ratio of the square 
root of the am. The increased velocity through the smaller openings docs not compensate for 
this great loss. 
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by mmm of hoWater pipes. This plan has long been in use in England/ 
and has lately been introduced into Franco, and improv^ by Ml Leon Duyom 
Wanning, as well as ventilation, is accomplished by this method, which is in 
action at the Hospitals Lariboisiiro (in one-half) and Beaujon. It appears to be 
at once effectual and economical, thougli it has been shar|>ly criticised by (Sraasi 
and P^clei After a very long investigation into the merits of all rival plans, 
it has been adopted by a French Commission for the warming and ventila* 
tion of the Palais de Justice at Paris- 1 The plan at the Hospital Lariboisiire 
is simply this : an extracting shaft contains in the lower jmrt a boiler, from 
which two spiral hot-water tulxjs run up to the requisite height in the shaft, 
and then, leaving it, pass downwards and enter the wards, in wliich they are 
coiled so as to fonn hot-water stoves, and then leaving the wards, they pass 
down and re-enter the boiler. Tliere is a continual circulation of hot water ; 
and in the shaft there is necessarily an upward current of air. But as the air 
is continually incnjasing in teinj)erature towards the |K)int of dischatge, there 
is a loss of power, just as in the case of the l)eing plat;e<l at the top instead 
of the bottom of the shaft. From the bottom oi* the wartls air-coudiiits or 
tubes rim into the cxtmcting slnift, and thus the \itiated air is drawn out of 
the 'wards. The fresh air is admitted dirtH*tly from tlie outside into the wards, 
and is warmed by being a<linitted through the coils of the hot- water tul)es, 
Tn the summer the water is sluit olf lTH>m tlie wiiter-stovc^H, hut tlie tem- 
l>t'ratiire of the extnvcting shaft is still maintained. 

It is most decidedly true that the ventilation by tins plan is irn.*gular ; } 
mul also, that in the "Hosjntel Larihoisiere. a much greater quantity of air 
passes through the extracting shaft than enters through the hot^water stoves. 

In the summer, wlicn there is ventilation without wanning, the outflow of 
air from the 'W'ards varie<l from 844 cubic metr<\s (2080 cubic feet) to 55*3 
cubic metros (1952 ciibi’ feet) jx^r head |»er hour.§ 

In the winU^r, wlien thero is Ixiih ventilation ami wanning, the outflow of 
air from the wards was 82*2 cubic metrics, or 2902 cul)ic fec*t, |^»er heuil per 
hour. Of that amount only 35 cubic metres (1235 cubic feed) entered by 
the water-stoves, the n‘st came in by doors and wintlows and other ojxmings ; 
m objectionable |K>int, ns the air might press in from the clos^yte. Yet, in 
spite of this, the tenq>erature was luaintuined pntty well up to the limit fixed 
in the agreement, viz.^ 15"^ Cent., or Fahr. 

Oil has l)een cjis^js insteful of water. 

Yeir froquently7lGS||I of a firci, or hot- water vosstils, lighted gas is used 
to cause a current, and if flie gas c^n lie applitsl to other uses, such as lighting, 
cooking, or boiling ^vatet, the plan is an economical one. 

In theatres the cliandeliers have long l)een made use of for this purposa 
M. Darcet proposed this fur several of the old theatres in I^aris, and the Com- 
mission || lately apjxunted to determine the mode of ventilation to Ik* adopted 
in the Th^tr^ Lyriqne et du Ciitpie Imperial, have determined, after much 
consideration, tliat tlm plan is the laist adapteni for theatw^s. Tlie details 
have, however, been m^mewhat modified from those ilevimjd by Daroet, and 
are too long to be here inserteil, but they seem admirably adapUxi te» distri- 
bute the entering air thoroughly, and to ensure its dischaign. n^e entering 

♦ It is in use at the Circuit Court Houso in Oiasgow, and in the Police Buildings at 
Inirgh (lUtchie), and in many other hnildin^. 

t IVo excellent r»i)orts have been made by thin Oommisftion, of which Geimmt Morin in re- 
l>orUir. Their titles are given farther on, 

I P6clet-~Tr»it4 Do U Chaletir, 1861, t. ifl. p. 267. 

§ Otaam, op. dt, n. Sh^-37, 

II de la 6>mmtMioii itur la Chauflitge el la VenUlation du Th^tre- Lyriqne et du 
Tii^alre dw Cm|ue hni4nal KapiKirteur k General Morin. Paris, 1861. 
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air iB warmed by calortfbes below the pit, and is then carried by flues to the 
front of the sta^, and to the front of each tier of boxes, where they open at 
the floor. The outgoing air is drawn away by flues running from each box, and 
ending in a laige centi^ shaft surrounding the tube carrying ofl* the products 
of the combustion of the central chandelier. But every gas jet in the house, 
as well as the spare heat of the furnace, is made to contribute its share of 
movement. The amount which can be supplied in winter is 30 cubic metres 
( = 1051) cubic feet) per head per hour. The burning of 20 cubic metres (706*2 
cubic feet) of gas In one hour at the Opera Coiiiique caused the discha^e of 
80,000 cubic metres of air (28,242,800 cubic feet). The temperature of the 
air was 9® Cent., or 16° Fahr., above the external air. At the Yaudeville,, 10 
cubic metrtjs (353 cubic feet) of gas were consumed per hour, and 15,523 cubic 
metres (548,210 cubic feet) passed through the chimney, so that 1 cubic foot 
of gas |)erfectly consumed, caused the discharge of 1 553 cubic feet of air. 

The advantages of extraction by heat, esjKicially in the case of theatres and 
buildings where gas mii brought into jday, is obvious. 

There arcs some objections extraction by tlie fire and hot-air shaft. 

1. The inecpmlity of the drauglit. It is almost impossible keep the fire 
at a constant lieight. The same quantity of combustible material should be 
consumed in the same time every day, and the heat should be kept in by 
large nifisses of nuisonry. Still, wiili these precautions, the atmospheric in- 
fluences and changes in the quality of tlie combustibles cannot be avoided. 

2. The inf*<|uality of tin* movement from ditb^rent rooms. From rooms 
ntmresl the slmft, and with tlie straighti*8t connecting tubes, there may be a 
strong cumiiit, wliile fr^mi distant rooms the tViction in the conduits is so 
grt?at that little air may paas. The greak*8t can^ is therefon* neceasary in cal- 
culating the resi«tan(*e, and in ajiportioning the area of the tubes to the resist- 
ance. This plan is indeed lx.‘st adapU‘d for compact buildings. Occasionally, 
if the friction great, from t^>o small size, or the angular arrangement of 
the conduits hading to the hot-shaft, there may Ix^ no movement at all in the 
conduits, but a down-current to feed the fire is established in the shaft itself ; 
a state of things wliicli was dis(‘overed by Dr Sanderson to exist in the venti- 
lation of St Mary's Hospital in London. 

3. The }x>8sibility of rtdliix from the shaft to the rooms of smoke, and pas- 
sage of air brought by one conduit through another conduit, is another objec- 
tion of some weight 

4. The impossibility of properly controlling the places where fresh air 
enters. It will flow in from all sides, and jx>ssibly from places where it is 
impure, as from clost^ts, &c* ; air is so mobile that vnth every care it is diffi- 
cult tt> bring it umler conqilt^tc control — it vrill always press in and out at 
the point of hmst resistinc^e. 

2. Extract hn hy the 8tenm-jeL — The moving agent here is the force of the 
steam-jet, whicrh is allowed to pass into a chimney. The cone of steam sets 
in motion a body of air e<pml to 217 times its own bulk. Tubes passing from 
diflerent rooms enter the chimney lielow the steam-jet, and the air is extracted 
from them by tlie strong upward current. This plan is bi^st adapted for 
factories with s|>are steam. It was employe<l for some time in the ventilation 
of Uie House of Lords, but was finally abandoned. 

3. Exirmtion by a Fun or Screw . — An extracting fan or Arcliimedean screw 
has Imen used to draw out the air. Several dififerent kinds have been pro- 
[M>secl by Messrs Combes, Letoret, Glepin, and Lloyd, and have been xised in 
coal-mines in Belgium, and in some of the English mines. At the Abercarn 
mine, in South Wales, a fan is used of 13i feet diameter ; the vanes, eight in 
ntimlw, are 3 J wide by 8 feet long \ at 60 revolutions per minute the vdocity 



of the air is 782 linear feet per minute, and 45,000 cubic feet are extracted ; 
the Telocity at the circumference of the tan is 2546 feet per minute ; the 
theoretical consumption of coal per hour is 17’4 lbs/ 

Mr Van Hecke formerly used a fan for tliis purpose, in his system of venti- 
lation of buildinga, but he has found it better to abandon it, and to substitute 
a propelling fan. It was proposed by Mr Higgins to put in a chimney an 
Arch^edean screw to be tumeil by the wind, and in this way it mis thought 
a constant upward current would l>o cause<L But the plan has little i)ower, 
and is not now employed. 

To both these metliods of extraction some of the objections already noted 
apply, but extraction by the ftui is of course more uniform, 

Sub-Section II. — Ventilation by I^iopuusiok. 

This plan was proposed by T>e8aguliers ; in 1734,t whtm he invented a fan 
or wheel enclosed in a Ixix. Tlie air jxissed in at the centre of the fan, and was 
thrown by the revohing vanes into a conduit leading from the Iwx. In some 
form or other, this fan lias l)een used ever since ; and the conduits holding 
from it are now generally niatle large, so that the fan may move slowly, and 
deliver a lai^ge quantity of air at a low velocity. The fan, if small, is w^orked 
by hand ; if larger, by horse, w'ater, or steam power. 

The fans are often mrule with six or eight rays, each earning vanes at the 
end, whicli should Ixs as close as |K»8sibIe to the enveloping box. In size, the 
len^h of the vanes should }>e more than half the h*ngth of the rays ; the 
number of ravs should augment with the diameh;r of the orilice of acixjss.! 
Peclet, p. 259.) 

The amount of air dcliverad can lx* UM by timing the hjhxhI of n^volution 
of the extremities of the fan i«.‘r or |>c^r mimiU* ; the elftc^ive veharity 

is e<.[ual to f of this, and this is the nik* of movement of the air. If the 
section-area of the c<uiiluit Ihj known, the numlier of cubic ftxd dischargtxl per 
second, minute, or hour, can l>e at once c4ilculaUHi. 

Tlie ]>ower of this plan is very cimsulenible. With a fan of 10 fc.et diameter, 
revolving sixty times per minute, the effective velmity is 1414 ft*et |H*r minute. 
The rate of movtmieut in tlie main channel slumid not l>e more than 4 fost |Hir 
second ; the conduits must gradually enlarge in calibre ; and the movement, 
w’'ben the air is delivered into the nx^rart, should not Ix) more tlian 1 4 fwt {Xir 
second. 

At the Hospital l4irilK>isitre, in Paris, it is staU*d that 150 cubic 
{ - 4296 cubic fex^t) have Ixhju delivennl \mr head l»f>ur, in the wartls 
ventilated by the propelling fan of MM, Tli(»maH et Uiurans. It must, how- 
ever, be rcmember^xl, that the later oWrvations of Gem.^ml Morin have shown 
that much of the movement ascribed to the fan was really owing to natural 
ventilation. 

Hiis plan is extremely well adapte<I for thf>sc cases in wduch an extremely 
laige amount of air has to be suddenly supphtxl, as in crowdwl mmric l^Us 
and assembly rooms. St Georgf/s Hall at LiverjxKiI is ventilated in this 
w^ay. The air is taken from the Ixisement; is wtished by kniig drawn 
tlirough a thin film of water thrown up by a fountain ; is pmixi into eaiori- 


♦ Un?’« Diciimuirjr, 1S60; Art. vol. iii. p, 007, 

f CouTM of Exixfiimental Fbiiosopliy, vol p. W4. I’ht* wbcel wm »howw to the hoy»l 
fkH teiy iu 1734. 

t l>e ta (Tbaleur, U, edition, 1360 ; t. ii. p. m Niifiieitnia kindi of fana for 

, and ejtinictioti are Hgiirad, and detaiiefi aceouate of conitruciioxi and amount 

work aif ' 
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fires (in the winter), where it can be moistened by a steam jet, if the difference 
of the dry and wot*Wb be more than four or six degrees, and is then pro- 
pelled along the channels which distribute it to the halL In summer, it is 
cooled in the conduits by the evaporation of water. 

At the Hdpital Necker in Paris, and in many other places, the plan of Van 
Hecke is in use. A fan, worked by an engine, drives the air into small 
chambers in the basement, where it is warmed by cockle stoves, and then 
ascends into the rooms above, and passes out by outlet shafts constructed in 
the walls. The system is effective and economical, though it is only just to 
say that, the use of the fan excepted, it is puicist^ly similar in jmnciple to 
Sylvester’s. Mr Phipson* states tlrnt 2*2fi) avoir, of coal, >viU renew 86,065 
cubic feet of air, 

Mr Brunei introduced into the Hospital at Kenkioi,,on Dardanelles, in the 
Crimean war, a wheel of Desaguliers, at the entmiice to each ward of fifty 
men. It was worked hy hand, and could throw 1000 cubic feet every minute 
into the ward. Owing to the iV)sition of the Hospital, which permitted a 
thorougli perflation of air, tlie wheels were seldom used ; but in a still atmo* 
splierts they would have lw*en invaluable. If small ^vheels of tliis kind could 
l)e worked by hydraulic power, or in some cheap way, they might be used 
economically to ventilate* imrticular wards, even when a general system by 
propulsion is not adojdetL 

In America, many of the larger establishments are ventilated the same plan. 
Tlie Utica Asylum (N. Y.), is veutilatedf by a fan (14 feet diameter), worked 
by a 12-horse steam engine. The air taken at the lasement, enters a chamW 
filled with 80,000 feet of steam piping ; and then, after Injing wanned, enters 
the wards at the floors, tuid rises to the ceiling, wdiere it escajHss through 
ajMjrtures. 


In addition to the fan, otlier appliances have been used. Soon after Desa- 
guliers proj)osed the fan, I)r Hales einpkyeil large Ixdlows for the same pur|)osc, 
and th(?y wew^ used tbr some time on board sonu* men-of-war, and in various 
buildings. They wt'te worked by hand ; and prolwbly this, and their faulty 
construction, UhI t-o their being (lisused Their use has been revived, and their 
form inoditiiHi and im])rove<l by Dr 
Arnett. Dr Arnott has shown 
that Hales lost much power by 
forf*ing his air through small ojum- 
ingH ; and, by soxiu? ingtaiious alti*m- 
tions, has made an eflective machine. 

It is a largo 1k)x or cylinder, in 
whitdi a piston works ; oixuiinga 
made at the ends of sutticient 
size ; oiled silk hangs over the 
upper oiwnings on the and 

on the lower 0 ]ieiung 8 on the oatmk 
of the lw)x. These <H)vers, then?fore, 
act as valves, and allow the air to 
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pass in one direction only ; as the piston moves, air is driven through 
the lower openings, on the side towanis which the piston is moving ; while 


* NotiiH*. of Dt* Van fiystem, Iw W. W. Phiimon. Ut'imnt fronj ** London Medical 

Keview,‘M8d!il, u. 6. 

5 For thi« imonnation, I have to thank my friend Or C. W. Eildv. 

“On the SmokeleRK Fireplace,** hv Neft Arnott, F.K.S., Ac., 1856, p. 162; and 
ixx other pnhtieattana. In the figure alf the valvee am ahown open, but, during acuon, the top 
valToe on one aide, and the bottom on the other, are alternately open or dosed. 
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fredi air anters at the same time^ through the upper opening at the oppo^te 
end* The figure will show this clearly* A pump of 6 feet long, 4 feet wide, 
made of deal boards, and filled with a piston made of board, can be made 
in a few hours, and will deliver 96 cubic feet at every stroke, or 192 cubic 
feet at each double stroke of the piston. If ten strokes only ore made per 
minute, nearly 2000 cubic feet of air could l>e driven out, and made to enter 
any place. On board ship, this little apparatus has proved very useful 
Dr Amott has also fitUd up a gasometer pump, which was used in the 
York County Hospital for some time ; it was worked by liydraulic pressure, 
and the expenditure of 60 gallons of water in an hour drove through the 
hospital 120,000 cubic feet of air, which would be enough for 60 patients if 
2000 cubic feet per hour only wei'e given. The air was wanued, if uecessaiy, 
by water leaves.* Tlws plan was in use for some time, at the York Hospitid, 
but was finally disused; probably bewiuse the appamtua* though excellent in 
principle, was not quite large enough. J>r Arnott has also proposed to cause 
the two (lurrents of air leaving and entering the rooms to pass close to etioh 
other, lx?ing separateil only by the thinest partition, in tliis way the heat of 
the imjnire is taken ii}) l>y the j>ure air. 

The hydraulic-air pump, sometimes ustd in mines, is useful on a small 
scale ; a circular vessel having alcove a hole clos<;d by a valve (a) ojHUung 
outwanls, works up and d(orn in a vessel nearly 
full of water, through whi<di a tulw! into the 

mine shaft. This tube is cIose<i al>ove by a valve 
(/>) opening upwards. W'heii the cyliiuler moves 
down, air is for<‘cd out at (//) ; when it air 
passes inb> it at {h), to l)c e.vjndled through (n) at 
th(* next desceut.t 

'Die punkah uml in India is another mechani- 
cal figent with a similar though incmr imjsjrfoct 
action. When a punkah is pulled in a room ojKUi on 
fill sides, it will foree out a portion of iiir, the place 
of which will lie at once sup]>Hc*fl by air nishing 
in with greater or less rapiility from all |K>int8. 

If the punkah can Ix^ mc)i.stened in any way, its 
cociliiig eifect is considerable. Captain Moomom 
of the 52d regiment, some years ago propow^l 
an ingenious plan, wliich is givim in the Imlian 
Sanitary li<*j>ort. A whet^l turned by a bulkick at 
ontu* move.s thi* punktih, and eb*vatits waiter, which 
then iiasse.s along the top of the pun kali, and flows 
down it. 

The advantagCvS of ventilation by pnipuhiion arc 
its cffilainty, and the w’ith which the amount 
thrown in can Ixs altortd. The stmim of air can 
1*% 33. l3e taken fnim any point, and cfin, if nocesaaiy, be 

w^heil by passing through a thin film of water, or 
through a thin screen of mriiatcned cr>tlon, and can be*, w^armed or cooled at 
tileaatirc to any degree. In fact, the engineer can introduce into tliia opeYa* 
tion the precision of modem science. 

ilie disadvantages are the great cost, the clianees tif tin; engine bTeaking 

• W*t«r (eiwt of l>r iitgeiiiouit cootHvsnces) am thin, flat hoxw atiide of 

mvwT, nml ^ pipes ; tlie boxes am mi sWe by Hide, like the of a book, alxml 

hat M ittch ^rt, and jm co«n<^ the top and \miUm, whidi paaii to the boiler* 

t tTpe’a mctionary, ISSO, v«d. HI p. m » i 
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down, and aome dLBScultios in distribution. If the air enter through small 
openings, at a high velocity, it will make its way to the outlets without mix- 
ing. The method requires, therefore, great attention in detail 
Pettenkofer has suggested that outlet oj)ening8^e unnecessary ; that when 
the air is driven in it will be sure to find its ivay out through doors and 
windows, which are constantly op<m, and that a great cost may thus be saved. 
Tills has not been put to experimental proof, and it would be undesirable to 
ran the risk of in any way obstructing the entrance of the air, as may be the 
case if sufficient means of egress are not provided. 


SECTION III. 

RELATIVE VALUE OF NATURAL AND ARTIFICIAL 
VENTILATION. 

Circurastiinces difler so -widely, that it is impossible to select one system in 
preference to all others. In ttmipemb^ climate, in most castes, especially for 
dwelling-houses, barracks, and hospitals, natural vt^iitilatiun, with such powers 
of extnVv'tion as can be got by utilizing the sonnies of wanning and lighting, is 
the Isjst. Mild, in fact, -would a(»t atbuu]»t to mak(5 WMt of tln^se vjist y>owers 
of nature, w hicdi are ever njady to sen'e us ? lnc<*.Hsant movement of the air 
is a law of natuit?. ^Ve have <mly to allow' the air in o\ir (ities and dwell- 
ings to tjike share in this constant cliange, and ventilation will go on uninter- 
ruptedly without our aid. 

In some circumstances, however, as in the trt»pics, with a stagnant and w'aim 
air; and in tempemte climates in eerbiin buihlings, w'here there are a gn^at 
number of small rooms, or wiien^ sud<ien tissemhlages of )>eo})le hike plac.e, me- 
chanical ventilation must be used. So iniieh may Ik* stiid lx)th for the system 
of extrat^iion and }»rojuilsiun umler certain circumstances, tliat 1 think it is 
impossible to give an abstract prefereinie to om* over the other. Tliis is 
evident, indet^i, fi’oiii the fact, that <puUi contrary opinions have been arrived 
at by equally comjx^tent men. P^^elet, wliose great authority no one can 
doubt, says (l>e k (dialeur, t. iii. p. 63), ** Mechanical veiitilatioii has then an 
immense ad\’aniage ov(?r the ventilation of an extracting cliinmey'* {cheminh 
irappel)^ and (irassi, from a comparkou of the tw'o ]>lans at the Lariboisi^ro 
Hospitiil, nnequivc»cally condemned the system of extraction as arranged by 
Duvoir. Yet, lately, (iemjral florin, after a fresh iniiuiry into the whole sub- 
ject, has os decidally pr)nounce(l the system of propulsion to be everyw’herc 
inferior to that by extnwtion. lie has also condemned the j)laii of Viui 
H<!cke, which pn^viously had boon praimi by IVttenkofer. In fttci, it is 
evident that the sjaxmil c<.mditions of tlie cose must determine tlie choice, 
and we must look nuinj to the amount of air, and the method of disiribii- 
tiott, than U) the actual source of tlie moving i>owu.t. Rut in either case 
the greeUjst imginiH'ving skill is necessary in the armngement of tubes, 
the supply of fuBh air, &;c. For hospitals, I cannot but Ixdieve natural 
ventilation is the jiropcu plan, (Bch? Hobimtals.) The cost of the various 
plans will depend entindy on circuiustanees ; the natiOT of the huilding ; the 
pricfj of mat^jriak, coal, ttc. On the %t^hole, tlu* plans of ventilating and warm- 
ing by hot-watcir pijx^s, and Van Htwke’g plan, are chea|xr than tlie method 
by propulsion by me^uis of a large fan, but the hit U*r gives iis a metliod which 
is more under engineering control, and is bcUter adapted for hot climates wlien 
it is desired to cm)l the air, (See Baeeacks in Hot Cumates.) 



CHAPTER IV. 

EXAMINATION OF AIK AND OF THE SUFFICIENCY OF 
VENTILATION. 

The sufficiency of ventilation should Ik? (.‘xaniincMl : — 

1^, By determining tlie ainount of <*ul»ic sjmce tissigned to each person, and 
the amount of movement of the air, or in other wortls, the nujnbcr of cubic 
feet of fresh air, which ea^^h person rc*ceives |H»r hour. 

2d, By examining the air by tht‘ senses, ami by cheinicud and mechanical 
methods, so as to detenniiie the pitfsence, and, if jKissible, tin? amounts of 
suspended matters, organic vapour, carbonic acitl, sulphurettcHl hydrogim, an«l 
watery vapour. 


SECTION I. 

MEASUREMENT OF CUBIC SPACE. 

The three dimen.sions of length, hn*atlth, and height are simply multiplied 
into each other. If a r<M*in is Sipmit* or oblong, with a Hat ceiling, there is, of 
eourst*, no difficulty in doing this, but frequently riK>ms aw* of im^ular form, 
with angles, projfKrtinns, half-circles, or mfgnu^nts of circhjs. In such cases 
the nilea f<.»r the, niemnirement of the aw»a of ciwHi?s, segments, triangles, d:c., 
must Is* used. By means of thes<*, and by dividing the room into sevenil 
parts, as it wen*., so as to measure iiwjt one and then am»iher, no difficulty will 
be felt. After the room has Ix^cn measuwMl, wmm^ssi*^ Cf>ntaining air slicmld be 
ineasuw.*d and added to the amount of cubic space, ami on the other hand, 
solid pwjtjections, and solid masses of funutiire, cuplKtards, &c., must Iks mea- 
sured, ami their cubic contents (which take the place, of air), deflucied from 
the cubic sjiaco alremJy mt«i«ure<L The Ixslding aliK» ixK'upies a certain 
amount of space ; a soldier’s liospital nuiiiwKfs, fiillow, thws? blankets, one 
coverlet, and two shiMjts will CKJCupy about 10 cubic ftsd. It is H<*ldom neoc*a* 
sary to make any deduction for tables, chairs, and iron iKKlsteaib, or small 
Ixixim ; it k refinement to do tlik, or to wjiluce the U;m|K*mture of the air to 
standanl temperature, as is oom^XimeH done. 

A deduction must be inmle, however, for the Ixdies of {arsons living in the 
tmm ; a man of avmige size takes the place of about 2 J to 4 cubic feet of air 
(say 3 for the average). 

In linear measurement, it k always convenient mt^asure in feet or 
decimals of a fwt, and not in feet and inches. If square inches are mea 
i, they may Ixj turned into feet by multiplying by *007. 
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Bulbs — Arm or 

Area of cirde .... 

ff »»**•. 

Cirmm/erenee of drele^ 

Diameter of circle, 

Area of ellipm, 

Cireimferenec of ellipse. 

Area of rectangle, . . . . 

Area of parallelogram, 

Area of Trapezium, . . , . 


Superficies, 

. - !>• X *7854. 

. =C»x *08. 

. - D X 31416. 

. -0 ~ 3*1416. 

Multiply the product of the 
two diameters by *7854. 
Half sum of the two diame- 
ters by 31 4 16. 

= Multiply two sides. 

Multiply a side by its per 
pemlicular. 

Multi py 4 sum of the two 
l>erjM*ndicular8 by the dia- 
gonal on which they fall ; 
or 


Fig. la 



Fig. 20. 


Aren of trapezend, 



Fig, 21. 


Area of triangle. 



Fig. 22. 


I )i vide into two triangles in 
the inr>st convenient man- 
ner, calculate the areas, 
and take the sum. 

= Take J the sum of the 
parallel sides aud multi- 
[dy by the distance l)e- 
tw(»en them. 


==: Rase X 4 height, or 
Height X I base. 


Area of segment of circle, . . . ~ To § of product of chord and 

height add the cul>e of the 

^ ^ ^ height divided by twice 

, ' i '' X chord (Ch x H x §) 4* 

/ I \ (H»2 4*(:h), 

Fig. 28. 

or caleulaie by equidistant ordinates. Divide the l>ase into any number oi 
even equidistant parts, and measure the height of each ordinate. 
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Take sum of first and last ordinates, A 
„ all the even onlinates, = B 

„ all the luieven ordinates, = ( ’ 

(except the first and last). 

Add together, A 

4B 
2C 

and diviilo by 3. Multiply product by tlio common distance l)etween the 
onlinatas. 

Cubic Cnjmciti/ of a Cuh \ — Multijdy the three powers ; length, breadth, 
and height 

Cuinc Capacity of a Cim \ — Area of base x J height 

Cubic Capacity of a Cylimh c. — Art'a of bast* x height. 

Cubic Cajmcify of n — IVIultiply area td* one side by the 

por|)ehdicular let fall <urit. 

Cubic Capacity of a Doiuc. — Two-thinls of tlu* j>ro(luct of the area of the 
liase multiplied by tlie height (ur('a of Iwise x height x |). 

Cubic CajKicity of a Sj>bcn\ — D* x *5236. 

Tlie cubic capacit y of a bell -km t may 1 h* tiken fvs that td' a rone. 

The cubic capacity of an hospital manpiee must Ik? got by dividing the 
rnarc^uee into sevenil parts — 1st, into hody ; ami 2tl, n>of : — 

1. Body, as a solid rectangle, with a half cylinder at ofudi end. 

2. Koof, solid triangle, and two half coiics. 

The total number of cubic i'oet, wnth mUlitions and deductions all made, 
rauat then diviiled by the number of persons living in the room ; the 
result is the cubic space heail. 

SECTION II. 

MOVEMENT OF AIR IN THE ROOM 

The direcliion of movement nnist lx* first detenuine<l, ami then its mte. 

SrmSKCTioK 1. — 1 )ihbc:tion of Movkmknt. 

First enumerak) the varitnis ojKUtings in the r<M)m — doors, windows, chimney, 
sfK*cial ofKmings, and — and consider w}ii<rh is likely to 1 h' the dirtMrtioii 

of movement, and whether thtjn* is a |xm«ibility of thorough movement 
of the air. Then, if it is n<»i nocessaiy' to con.sider further any movement 
through ojjen doors or window’s, close all theix*, ami examine the movement 
thnmgh the other opnings. This is best done by snuike disemgaged fttmi 
smouldering cot ton- velvet, and less jK?rfectly by small balloons, light pieces of 
paper, feathers, Ac. The fiame of a candle, which is ofkm uml, is only movetl 
by strong currents. It may lx? generally taken for gmntoil that one-half the 
openings in a room will admit fresh air, and half will Ijo outlets. But this 
is not invariable, as a strong outlet, like a chimney, may draw air tlirough an 
inlet of far gmter area tlian itself, or may draw it thnmgh a much smaller 
area, with an increased rapidity. 

Sub-Sbction II.— Rate of Movxmkkt. 

The direction being known, it is only ntxjcssary to mcsosuie the dischaige 
through the outlets, as a corresponding quantity of fresh air must enter. 

By ihs Amimmter , — This is best done by an anemometer, of which them 
are several in the market The one commonly used is that invented by 
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Combes in 1838 ; four little sails, driven by the wind, turn an axis with an 
endless screw, which itself turns some small toothed wheels, which indicate 
the number of revolutions of the axis, and consequently the spacje traversed 
by the wings in a given time, say one minute. M. Neumann, of Paris, has 
modihed this anemometer by omitting most of the wheels, and introducing a 
delicate watchmaker’s spring, which opiwses the force of the wind, and when 
it equals it, brings the sails to a stand-still. By a careful graduation (which 
must be done for each instrument), the rate second is determined, and is 
indicatiid by a small dial and index. 

Mr CJaselhi, of Hatton Garden, has, at my suggestion, modified and improved 
this instrument, and has a<lapted it to l^iglisii measurcis. A very lieautiful 
instrument is thus available at a comparatively low price, by wliich the move- 
ment of air am miMisured very midily. 

The anemomeUir is thus used : — Being sc4 at the zero pf»int, it is placed in 
the current of air ; if it is placed in a tul>e or shaft, it shoxild lx* put well in, 
but not {juite in the ciuitn*, as the central velocity is always grt^aU^r than that 
of the side ; a jxiint alumt two-fifths from the sides of the tube will give the 
mean velocitv. As soon as the .sails slop iv>titing, the instrument is removed, 
and the movement |xu* second or jH*r niiniite is given by the dial If this linear 
discluirge is multiplitnl by the sectiou-an*a of the tube or opening (expressed 
in feet or dtxdmals of a foot), the cubic discharge is obtainetl. If the current 
varies in inUuisity, the movement sliould lx taken sevoml times, and the mean 
calculated ; and if the tula*, is so snmll that the sails approach closely U) the 
circumference, the rtisiilts cannot deptuided on. If plac ed at the mouth of 
a tube, it often indicates a much feebler current tlum really exists in the tul>e. 

The cubic discluirge p<*r second Injing known, tlie amount per hour is got 
by multiplying by 3G00, and this, ilivided by the immlxr of men in the 
rtxun, gives the discharge jxr head for that paiti(*ular ajxrturt*. 

An anemometer on a larger scale is fixed in some of the large outlets of the 
Paris hospitals, .showing the moveimuit at every moment hy means of an index 
and dial.* 

//w' MammeJvr . — Dr Sanderson hsis made an ingenious alteration of a 
manometer descjrilxd by I’eclet, which can also lx? om})loyed to measure the 
pressurt3, and hy calculation tlie velocity, of the air. The current of air is 
allowed to im])inge on a surfiUM* of wat<*r, and the height to which the vrater is 
driven up a tulx of known inclination and size gives at once a measure of fortx. 
But, as necesaihiting a little calculation, this instrument is less useful than the 
Anemomet<^r, though it is adaphtd for <‘xsos where the. anemometo cannot be 
u*x?d, as it may he connecUxl hy a long tulw with a disiiint room, and probably 
W’ould l>e well fitted to measvm? constantly the velocity in an e.\triiciion shaft. 

liy CalaiMion. — »Suppo«ing the ijxt.<*rnal air is traiujuil, and that the only 
cause of movement is the uneqxial weiglits of tlu^ exk*nml colder and the in- 
temal warmer air, the amount of discharge may lx approxiniatcdy obtained by 
the law of Montgolfier descrilxd in the chapkT on Ventilation. There is a 
fallacy, however, as the am<nmt of friction can never he precisely known. 
Htill, as an approximation, and in the absence of an anemometer, the rule i.s 
useful ; and I liave themfore calculated a table, as follows. 

On testing tins table, however, by the anemomeh'r, 1 have found it give 
too much when the tubes are long, on accoimt of the great friction, and 1 
would therefore advise the further deduction of Jth when the sliaft or tube is 
long, and is at the same time of small diameter. If the tube has many angles, 
or is greatly curved, this table is too imperfect to be used. 


♦ FSriri : Is Clksleur, t, I. p, 171, where the dwicription wUl he found. 
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Table to duno the Dmharge of Air in linear feet per minute. Cnktdated from 
Montgolfer’e formula ; the expaimton of air Iming taken as 0'002 for each 
degree Fahrenheit, and one-fourth Mug deducted for frietion, {Jiound 
numhere have been taken.) 
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To tue the toMo, dotomliie the height of the werm cnltimn of eir from the floor to the point of gto. 
cluirge, AJMertnln the flJfhrrenee betveen tt« temoemtore end Diet of the external air. Tiilie owl oonthm' 
flrotn teMe^ end mnltlpty by the «eetloii*aret of the dltehargo^tolw or opening* In feet or of « 

foot The remit ia the dl»ch«rge in cubic feet per minute* nmUiply by OO^rtmh diaehunre per hour 
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3635 


Therefore we only get 9$i feet (per 
minute). miiHtplled by 60«B|fl.^> 
foot per lioitr. 





If the movement of the external air infiuences the movement in the room; 
as when the wind blows throtigh openings, calculation is useless, and the ane- 
) mometer only can }>o depended on. 

SECTION III. 

EXAMINATION OF THE AIR. 

Sub-Section I. — By the Senses. 

Many impurities are quiU'. imperceptible to smell, but it so happens that 
animal organic matters, whether arising in respiration or in disease, have, for 
the most [mrt, a peculiar fa*ti<l smell, which is vt^ry |H3rceptihie to those trained 
to oliservc it wlieii they enter a room from the ojKui air. This is, in fact, a most 
delicate, os well as a rwwly way of dete<*ting such betid impurities, and, witli a 
little trouble, the sense of smell may h(i cultivate<l to the ])(>iiit of extrcmie 
acuienesB. Only, it must 1 k< rem(‘inb<^red, that in a short time the impression 
is lost, and is not at once rc‘gained ev(‘n in the f>pen air. 

As the evidence of tln^ senses, howevtjr [»ractically useful, is always liable to 
1)0 challenged, a mon? thorough examination of the air must in many cases be 
made. 


Sub-Section II. — Mickoscopical and ( 'hemical Examination. 

The points which can Imb ea.^ily examined at the present day are — 

1. The exisbmce and nature of susjMUided matters. 

2. The amount of organic matter, as estimated by j)ermangaiiate of potash. 

3. Tlie amount of carluBnic acid. 

4. The amount of watery vapour. 

5. The presence of ammonia and sulpliiiretted hydrogen. 

1. SffHjH'HtM — Tlie aeroscope invcnte<l by Pouchet offers an easy 

mode of examining the susjxuulod mattf^rs in air. Air is drawn, hy means of 
an aspirator, through a funnel, the end of which is brought to a tine point, 
imnuxliatcdy Ixilow wliich is placed a slip of glass moistened with glycerine. 
The end of the funnel and glass are eiiclosiKl in a little air-tight chaml)er, fn>m 
which a small glass tube passes up, and is connected by means of India-rubber 
tubing with an aspirabir. An aspimtor can Iw made for a few shillings ; a 
square tin vessel with a bip Indow, and a small o|x*uing above b) riiceive tlie 
India-publKir tul>e, is all that is necessarj^ The capacity of the aspirator is 
told hy filling it with water, at a temperatuni of 62" Fahr., and then letting 
the water run out into a rntjasured vessel. If an ounce me^isure is usexi, the 
nimilmr of ounctBS, multiplied by 1*733, will give the capacity in cubic inches, 
and dividing hy 1728, wiU bring the same into cubic feet. As the water 
runs out the air can only ]>ass into the aspinitor through the funnel, and, 
as it does so, any solid jiarticles ciirried down with the current impinge on 
and are arrested by the glycerine, and can be aftorwartls examined by the 
microscojie, 

A still better plan is by drawing the air tlm^iigh a solution of pure water, 
or ixjrmanganato of potash, or solution of magenta. All the solid particles are 
retained at the bottom of the vessel, and c^ui be afterwaids microscopically 
examined. . 

2. Orgunie M^Uer , — This can be determined os follows. A solution of per- 
manganate of potash, which has hem graduated with oxalic acid — ^in tim 
manner described in the chapter on the mode of determining the oxv^c matter 
in water — is taken, and diluted to such an extent as that 100 C.C. shall con- 
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tain *00001 gnunmes of pcarmanganate ; the air is drawn ttough this slowly 
by an aspirator ; the number of times the aspirator is emptied ^d filled being 
known, the number of cubic feet drawn through the water is also known. 
As the quantitative relations of the organic matter of air and permanganate of 
potash are not yet accurately known, the result should be simply noted, that 
*00001 grammes of permanganate required so many cubic feet of air for com- 
plete decolorization. The fallacy of this process is that tarry matters derived 
from combustion act on the permanganate, and, it may be, other matters ; how- 
ever, no other process has l>een yet pro|)osod which is equal to it. 

The air may also 1:)0 drawn through tubes cooled by a freeidng mixture ; 
the water of the air and the organic mutter condense together (Southwood 
Smith). 

3. Carbonic Acid . — For our purpose the method proposed by Pettenkofer is 
the best. A vessel is taken capable of holding from half a gallon to 1^ gallons. 
The capacity is detenuined by filling it with w*ater at 62^ Fahr., and by 
measuring the contents by means of a litre or ounce measure (1 oz. - 1*733 
cubic inches). The vessel is thoroughly dried, and then filled with the air to 
be examined, 'which is most readily done by pumping in the air with a Indlows. 
When this is done 45 C.C. of cleiit lime or baryta water are put in, and the 
mouth is closed with an India-rubber cap. The vessel is agiUted, so that the 
lime-water may run over the sides, and then is left to shmd for not less than 
six or eight hours, and not more than tweuty-fi»ur hoin*a. The carlKmic acid 
is absorb^ by the lime or bars'hi water, and consequently the causticity of 
these fluids pro (nnfo^ les.seued. If the causticity of the lirnc or baryta is 
known before and after it has Ijeen placed in the vessel, the dilfereuce will 
give the amount of lime or Imryta which has become united wdth carbonh.* 
acid. 

The causticity of lime is determined by means of a solution of crystallized 
oxalic acid. If 2*25 grammes of crystallimi ( ) (O 4- 3 A 4 .) are dissolved in 
1 litre of w*ater, 1 i\C. will exm.*tly neutralise 1 milligramme (*001 gramme) 
of lime ; 30 C.C. of lime-w ater are taken, and exactly neutralises! ; good tur- 
meric paper is the l>est plan for determining the exact point of neutralisation, 
and the margin of the drop gives the most <lelicate indication. Tlie amount 
of lime in the 30 C.C. is then equal to the number of C.C. used ; it is always 
somewhere between 34 and 39 milligrammes. 

After the lime has absorWi the carbonic acid of the air in the vessel, 30 C.C. 
of the solution are taken out, and neutralised by oxalic acid ; the diflerance be 
tween the first and sectond oj)eratioiis is increascMl by onc-lialf (to account for the 
15 C.C. left in the veswd, 45 Ixdng always jmt in to allow 30 to be taken out). 
This gives the amount of lime which has ccmibined with carlxiuic acid, and 
the amount of the latU^r is known by simply calculating jMJConling to the 
atomic weights, or by multiplying by *39521. The c^ipwiity of the vessel 
Wing known, tlie amount of CO, is calculated for 1000 volumes by simple 
rule of iiivee. From the capacity 45 C.C. must be deducUnl, to account for 
the lime-water put in. 

A correction must be also made for temperature. The standard tempemtura 
being 62® ; if the air of the room which is examinwi lie Wlow this, the quan- 
tity of air actually acted upon will neeemrily W greater from eonderisaiion, than 
would have been the case had the air been warmer, and conversely, if the 
tem}>erature be higher than 62®, a less quantity of air must have been operated 
on than would have been the case had the air been at the lower temperature 
of 62®, 

This error is corrected by multiplying *0020361 (the co-effleient of expan- 
sion of air for 1® Fahr.), by the difference between 62^ and the obeerved tem*- 
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pemture, and then by the capacity of the vessel, and adding the product to 
the capacity if the temperature be below 62®, and subtracting it if it be 
above 62®. 

A correction for pressure is not necessary, unless the place of observation be 
much removed from seadevel j in that case, tlie barometer must be observed, 
and a rule of three stated. 

As standard height . observed height . . ^ 

of bar. (- 30 in.) * of bar. ** P y * 

Baryta water may bo used instead of lime-water. 

4. Watery Vapour . — The hygrometric condition of the air is known in 
various ways, esjKJcially by the dry and wet bulbs, as explained in the chapter 
on Meteorology. The hair hygi'ometer is an extremely useful instrument for 
this purpose, as it marks the degnie of humidity much more quickly than the 
dry or wet bulbs, and can l>e used to give rapidly the different degrees of 
humidity in parts of the saiue room. 

5. Ammonia is deticnaiued by Nessler’s test (see chapter on Water) ; a 
known quantity of air is drnwn through by the aspirator, and the weight of 
the precipitate determined ; tlien by rule of tiiree : 

A.h 559 : 17 : : weight of process : x. 

Tlie mere presein^e of ammonia may be also detected by logwood paper. 
Tincture of logwood is evaporated to dryness, and the residue dissolved in 
ether. Stri{>s of liltering pai>er arc soaked in it ; ammonia gives a brownish 
colour. 

SulpliUTett(id hydrogen is detected by drawing tlie air through a weak 
solution of nitro prusside of sodium (see chapU^r on Water), or by exposing 
strips of blotting paper dipiied in a solution of subacetate of lead. 


SECTION" IV. 

SCHEME FOR THE APPLll ATJON OF THE FOREGOING RULES. 

The ventilation of a certain room l)eing about to be examined, enter it after 
being at least 15 minutes in the <.»pen air, and notice if there is any smell. 
Measure the cubic space, then comsitler the possible sources of entrance and 
exit of air ; if there are only doors and windows, notice the distance between 
them, how they open, on what external place they open ; whether there is 
free passage of air from side to side ; whether it is likely the air will be pro- 
perly di8tribut<?<i. On all these points an opinion is soon arrived at. If 
there are other 0 |>eniugB, measuw? them all cait'fully, so as U> get their suj>er- 
ficies ; the chimney must Iw measured at iu throat or smallest ]iart. Deter- 
mine then the dmxition of movement of air through these openings by smoke, 
noting the apparent rapidity. The <loors ami window’s should bo closed. 
When the inlets liave Ixien discovered, cousi<ler whether the air is drawn 
from a pure external source, and whether there is pmjier distribution in the 
room. Then measure the amount of movement in the outlets with an ane- 
mometer, or calculate by the table if it seems safe to dt^ so. 

If the ventilation of the room is influenced by the wind, the horizontal 
movement of the external air should be determined by Robinson’s anemometer, 
which is now supplied to many military stations. 

Then proceed to the microscopical and diemical examination, if titis is 
eomndered desirable, as it will frequently be. 
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SEC'TIOX J. 

GENERAL PRINCIPLES OF PIET. 

The doctrines Iield at pn^smit Ly most jdiysiolo^isis on the suhjixd of diet’*' 
may l>e expnv^ised in the briefest way, us follows 

Following the original dediu'tion of Prout, it is ]>eli(*vf‘d, that for p(»ifeet 
nutrition, eortiiinquantities of fourgnmt classes of aliments niust he taken, viz. : 

1. Nitrogenous suhstamtos or allmniiuates (including alhuinen, lihrin, eaHciu, 
luematoglobuliii, legumen, gluten, cVre.), which all etuiUin also sulpliur and 
phosphorus. 

2. Fatty substances (iiudiuling all animal and vegetable oils). 

3. (?arlK>hydrates (including all aUmhes, sugar, and allied 8ul>- 

stances ; and, 

4. Salts ([jobisli, soda, magnesia, lime, iron, chlorine, ph(»sphoric aci<i, 
fluorine, and wat4T). 

ThrcM^ of these <;Iasses are indi.H{>ensable, albuminates, fat, and salts, 
with water, and, as Ludwig itunarks, the ctti‘lK)hydraWs are sought aft<»T »o 
eagerly, and are so universally taken, that (indejiendent of physiological con- 
siderations), it is highly probable nr> <liet can be ct>n«idered iK^rtect without them. 

These classes arts not convertible ; fat ami stindi serve diflt^rtuit purjxmw, 
and must not lui confouiuled, <»r tt»gether uudt?r siudi hetwls as carlnmi- 

ferous or respiratoiy. In addition tfj these four great cla88t^rt, tbert^ an* a 
numl)er of ao-ealled accessory fotsls t>r condiments wdiicli arti non-essential, 
but are useful in gi\dng flavour, and aiding digestion. 

1. The albuiiiinates nourish all the tissues which give rise to mechanical 
force of any kind, and, probably, also those (jonnocted with mentil action, 
llie mechanical force evinced by the human machine (either in earring on 
t« internal movements, or in acting on exU?nial objects) is [^rolmbly proiK^r* 
tinned to the amount of albuminates which r^an Is? digf?sUM.l, absorlxid, and 
properly applied in initrition. The means of increasing force by augmenting 
the al)8olute supply of albuminato, le., of increasing digestive jxjwer in the 
stomach and intestines, fonnative power in the nitrogenous timm?s, and 
eliminating processes in the after stages, is one of the lughest problems in 
physiology. AU the three parts of the procfjss have to \m Imlanced, so that 
one shall ec|aal the other, otherwise health is dostroytMl. It is only when 

* I ]ie«d bAfrily mv that a treatise on bygieoe ehould not lie one on diet : bymsse is only the 
application of tbe pmeiplee of diet to the improvement and preaervatimi of he^th. Hut I mivc 
been obliged to go a Utile more into diet than would otherwise be aecexMary, aa many lajok^i 
are not aeoeeaibte to army tnedloa! ofitoem. 




GENEBAL PRINCIPLES OF DIET, 


133 


the great proco8«es of digestion, respiration, and elimination are in proper co- 
relation that we have the highest development of force whiclx the individual 
can manifest. Digestion may Ixj imperfect, or, being perfect, the tissues 
may not be able to apply the material, or, applying it, the disintegrating pro- 
cesses may be insufhcient. Hence, we may have half-digested food in tlie 
stomach and intestines producing irritation ; * or an excess of albuminous 
matters, wluch the tissues cannot appropriate in the blood, or imperfectly 
oxidized products of disintegration, falling short of the two substances wliich 
are the normal ends of disintegration, urea, and carbonic acid. Anti there can be 
no doubt that many of the diseases which receive no, or an imperfect, nosological 
name are of this description, llie raojins of increasing the proper adaptation 
of albiiminatt^s must chiefly sought by increasing the amount of the other 
8ul)stances which form parts of the nitrogenous tissues, espt^udly fats and some 
salts, and princii>ally hy increasing the 8U])ply of oxygen + by exercise, which 
augments, at the same time, absorption of oxygen, elimination of carbon, and, 
in a less degn^e, of nitrogen, and tlie circulation of the blood. Or, indirectly, 
it may be obtained by lessfining th(j siipjily of sianthes, which appropriate the 
oxygen, and tliertjhy, to some extent, save ihti albuminous tissues and the fats 
from diaint(?gratioii. 

The leasening of the supply of alhumiiiates leads to a decline of force j 
ami if the supply is entirely cut off, the decline is very r{i]>id. It affe(jts the 
muH< ular system first and chiefly (both tlie voluntary and involuntary, in- 
cluding tlie heart), and, at a much later dat<5, the mental powers. This result 
may, to a certain extent, be delayed by an increase in the sup]dy of fats and 
starches, wliich, by absorbing oxygen, limit the disinU*gration ; of course, by 
I»erfeci rest, the loss of nitrogenous substances may also lx* delayed, so that, 
if, under any circunisttuices, the supply of nitregeiious substance falls short, 
the structure of the Ixxly may be kept in a liealtliy state, for a longer time 
than would otherwise lx the case, by a large sii}*ply of non-nitrogenous sub- 
stances, and by rest. And thesti principles can lx a]>plie(l in treatment, so 
that the albuminous tissues can Iw*, to a certain extent, bronglit under our 
control by a jmli(!ious adaptation of diet and exercise alone, without the em- 
ployment of drugs. The use of drugs, however, is a point of the greatest in- 
terest and importance, esjiecially in aiding the two ends of the scale — prhnary 
digestion ami eliiii iiiatiou. . , k. . lj L' - * a * - ; , \ □ * h a Du k 

The nitrogenous aliments also contrihute to animal heat (lircxtly, by oxida- 
tion, afU*T tbc‘y have fonned parts of ti.nsnes; and prebably not before, as, so far, 
anal^'ses do not hIiow any higher oxidation of muscmlar and nervous substances 
over ]»UmkI, albumen, or the aliimmtarv ]>rincijdeH, The amount of oxidation is 
not, however, gn^it ; ami, it is usually suppostnl, that if nitrogenous sulistances 
are given alone, a much larger supply must lx* Uiken to supply animal heat. 

2, The fatty aliments are, like the nitrogenous, both plastic ami heat-giving, 
lliey aiMi ijssential the formation of l>oth muscular and nervous tiasut^s, espe- 
cially the latter ; ami it is reiuarkable. how iguch cfirbonic acid, derived, it is 
believed, principally from fat, is given oil during nmsculap action. Like tho 
nitrogenous sulwtancos, th<*y are I'ssential to the pnsluction of mechanical force, 
and it is curious to observe how iiitiinately connecUnl the nit rogenous and fatty 
substances are in many of the foods which liave come into most general use. 

When it is wishecl to augment* incMdnvnit'al force, tho fats must be aiig- 

♦ The then contain a larg** amount of nitro^;en, TIuk is more common after v<^table 
than animal albuminatea, aa the latter aeeiua mom eiuoily thongb, even in the dog, 

there la a limit 

t Tliere are Uiree factors in nutrition, vix,, the tiwtne which attracts the albuminate: the 
albuminate itaelf carriwl in the blooil to the tiwjiic ; and the oxygen which, by removing the 
materia), enables the tinaue to renovate itself by attracting more nutritive supply. 
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mented like the albuminates. Their digestion and absorption is not so diffi 
cult as in the case of the nitrogenous substances, and their elimination is 
easier, since, if not got rid of by the formation of carbonic acid, they are 
stored up in the body, and fonn a collection for future use. The animal fats 
appear easier of absorption than the vegetable. During their digestion, they 
are, probably, in part decomposed, and the fatty acids, like the acids derived 
from the starch, must, to a certain extent, anbigonise the introduction of 
alkali in the fooi The relative proportion of fat to albuminates in the best 
diet (viz., that which is most easily digested, and, at the same time, produces 
the greatest mechanical forcie), appars to be as 1 to 2, or as 1 J to 2. 

3. The starches and sugars are supposetl to be entirely heat-giving, and not 
formative (respiratory, and not plastic); but so great is the o})scurity of this 
part of physiology, that it is imi>ossible to In? quiU5 certain of this. It seems 
undoubted, that they arc^ more easily attacked by oxygen than eiilior the albu- 
minates or the fats ; and therefore that they save thcs(^ constituents fium too 
rapid disintegration. Whether the staiches actually fonn fat in the human 
body is still doubtful* By a judicious employment of their use, the elimin- 
ation, and perhaps the formation, of the albuminatc's and fatty tissues can be 
modified ; and it is evident that this principle will enter largely into the 
tn>atment of disejise.f 

In addition to respimtoiy^ action, it is prokable that the singular ^dtemation 
of acid and alkaline lliiids in the body, which arises from the constant intro- 
duction of an excess of alkali in the food, and the (‘onstanl production of acid 
from the fcKMl, is probably es|>ec.ially coiiiuM*te<l with the inetanioqdK^sis of 
starch, which causes the production of lactic acid, lactic acid, in the presence 
of albumen and cerbiin salts, seems to have the power of decom|M>sing even 
stronger acids than itself ; then lx‘ing ahsorlKsl from the jdaee wliere it has 
aided in setting free some fs>tent aedd, and earned away, the hictit]? of the 
alkali is dwomposed, a carbonate forme4l, and the alkalinity of the body is 
again restored, llie exact amount of aebi produced in the body with anfl 
without starch has not, 1 b(flieve, btten at present <ieU'nuincd. 

If the starc'h foot is thus greatly influence the acidity of the IkkIv, we can 
perceive auotlier rcjasou why they should enter into the comiKWiition of a 
perfect diet. Their relative amount to nitrogenous substance.s in the best 
diets, is as 2.J or 3| to 1. 

4. The salts and water are as essential as the nitrogenous .substances. Lime, 
chiefiy in the form of phosphaUt, is absent from no tissue ; and there is some 
reason to think no cell growth can go on without it ; certainly in morbid 
growths which are overgrown, and in rapidly growing cells, it is in large amount 

Whether magnesia is equally important for ccdl growth and tissue life is 
less certfiin. Br>th lime and magnesia are essential for bone growth and w 
pair ; and there can be little doubt that the judicioiis alistmction or employ- 
ment of these will form an im|)ortant ]>art in the tnmtnient of Ixme difMmses. 

Potash and soda, in the forms of phosphates and chlori<le8, are e<|ually im- 
portant, and would seem to be especially concenitxi in the mohx'idar currents; 
forming jiaits of almost all tissues, they are less fixed, so Ui speak, than tlie 
magnesian and lime salts. It is also now cerbiin, that the two alkalies do 
not r«3place each other, and have a difTerent distribution ; and it is so Dar 
observalde, that the potash setuns to be? the alkali for the fonned tisSUes, such 
as the blood cells, or muacuiar fibre ; while the soda salts are more laiwlj 
contained in the intercellular fluids which bathe or encircle the tissues. 

♦ In hi* edHkra, liudwig *s«m* to admit that they will form fat. -P4irf, 
hand II. p. 603. 

t Thi* ha* lonjif ha<m known, and to soma titimt, practically 
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employment of thoee two alkalies in medicine is great, and will no doult be 
based hereafter on more certain principles that we now possess. 

The chlorine and phosphoric acid have also very peculiar properties ; the 
former apparently being easily set free, and then giving a very strong acid, 
which h^ a special action on albuminates, and the latter having remarkable 
combining proportions with alkalies. Both are furnished in almost all food ; 
the chlorides of sodium also separately. Carbonic acid is both introduced and 
made in the system, and probably serves many uses. Iron is of course also 
essential for certain tissues, and in small quantity is found almost in every 
tissue, and in every food. Tlie sulphur and phosphorus of the tissues appear 
to enter especially as such with the albuminates. 

Some salts, esi)ecially those wliich form carbonates in the system, such as 
the lactates, tartrates, citrates, and acetates, give the alkalinity to the system 
which seems so necessary to the integrity of the molecular currents. The 
state of malnutrition, which in its highest degree we call scurvy, appears to 
follow inevitably on their absence ; and as they exist chiefly in fresh vege- 
tables, it is a well-known rule of dietetics to supply these with great care, 
though their nutritive power otherwise is small. 

Such, then, being tlie general principles of diet, the points to be considered 
in a complete treatise on hygiene, w'ould Ixi — 

1. The quantity of the different classes required for persons of diflerent 
sexes and ages, during and after the y)eriod of growth and pregnancy, and 
under all ortiinar}’ conditions of life and climate, 

2. The detenriiiiation of the Injsi articles of b'od in each class, and the 
quality of those* substances ; and whether or not they are lit for food, and are 
in any way altered or falsified. 

3. Their digestibility and l>ost mode of cooking, so that they may be supplied 
in the best form. 

Digestibility depends on bulk, cohesion, due admixture, and variety. Cook- 
ing is intended especially to lessen coliei^ion, and to soften tissues, so that they 
may Ikj broken up ; and to add flavour, which may aid appetite and digestion. 

1i\lien these things have lK3en detenmned, all other pointa depend on the 
person taking the food. He? am aid nutrition by proper mastication, and by 
such habite and customs as are known to have a good effect on the changes 
pf tissue. 

The object of this work prevents so large a treatment of this subject, and I 
must therefore consider only those substances which form part of the food of 
the soldier ; but as far as is jxmible, I shall do it in the above order. 

SECTION 11. 

THE FOOD OF THE SOLDIEIi-^ARMY REGULATIONS. 

The Army Medical Regulations pbice tlie food lK>th of the healthy and sick 
»<ddier under the C(uitrt»l of the medical He is direcU*d to ascertain 

that the rations of the healthy men are good, and that the cooking is properly 
perfonned (R^ulatmw^ pp. 29, 30, 42, 51, 79) ; the amount of food for the 
sick is expressly fixed (p. 59). On taking the field, the principal medical 
officer is onlered to atlvise on tlie subject of rations, iis well as on all other 
points affecting the health of tlic troops. It will thus be seen that a great 
responsibility has been thrown on tlio Medictil Depirtment, and ttmt its 
members will be called u|K>n to give opinionK on the (juantity of all kinds of 
food supplied to soldiers ; the composition of diet \ on the quality and adul- 
teration of the different articles ; and on tiieir cooking and pi^*pamtion. 
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QUANTiTY AND COMPOSITION OP FoOD FOR HeALTHY MeN OP THE 80U>lK»s‘ 

Aoe (20 TO 40). 

Although it is not jK)S8ible to determine d priori in any particular jxaraon 
how much food is sufticient for complete manifestation of his possible power, 
it is of importance to fix the average amount, as in the Anny and Navy fixed 
quantities of food, or rations, must evidently be issued ; and their sufficiency 
or other^vise can only be known by reference to average quantities. In differ- 
ent cases the amount of food required varies affording to — 1. Activity of the 
bodily and mental functions ; 2. The digestibibty of the food ; 3. Ihe sixe of 
the body, though this is probeibly a matter of less moment ; 4. The composi- 
tion of the Inxly, whether chiefiy bony, muscular, or fatty. 

In fixing the amount of a ration for a large body of men, it should satisfy 
the majority, and slumld err on the side of excess mther than defect. Mon? 
evils result fn^m under than over feeding. Even with a lilwral ration tlierc will 
always be found in a regiment of 1000 strong some for whom it is insufficient. 

A man of average size and activity will, iimler ordinary conditions mode- 
nih? work, take in twenty -four hours from t(» ^ih of his own weight in 
solid and liquid food. In this couutiy' he will bake al)oiit 40 ounces (Le. with 
un average range of from 34 to 46 ounces) of s<^MjalleJ solid food (bread, meat, 
Ac.), and fnun 50 to 80 ounces of wab‘r, making in all from 80 to 120 oum5(?« 
l>y weight of ingesta.’*' The nitio of the so-<‘all«‘d solid to the liquid fowl 
variea greatly. In most cases it i.s 1 to 2, but in .some only 1 to 1. Great 
Ixxlily activity renders necessary an iuenase in the solid, but seems bi n?quipc» 
a less increase in the li<|uid food, 

The 80 -called soii<i food conbiin.s a certain j»cr('<?ntage of water ; if we elimi- 
mto this, and consider only tin* anhydrous or water-fr(?<? food, we find the 
amount in twenty -four horn’s to Ik? on an average for healthy men from 12 U) 
25 ounce.s. Putting the case in this way, the avenige amount is then — 
Water-free food, . . . . 22 W 23 ounces. 

Water, . . . 60 to 90 ,, 

Hie relative amount of the water-free fowl to ’waUtr is usually as I to 4 or 
as 1 to 5. 

Assuming the average to lx? 23 water-free ounces daily, and the mean 
weight to lie 150 lbs., the Inxly rcjceivcs ^^^^th of its own w<*ight in waU*r-fr(?e 
solids. Hie range in different jK?rsons is from b> 
weight. Each |Krtind w'eight of the IkkIv njceives alKiut 015 ounces (range 
from Oi to 0*2 ounces) <if w’aU?r-frt?e fiKHl, and 0*5 ounces by weight of w'atcr 
in tw’enty-four hours. I hit this amount difiVrs in rest and in activity. 

The following table gives the average amount f(»r men of mean height (5 6 

to 5 feet 10) and weight (140 to 1601b.), und<»r different conditions of actiWty: — 

A man will take on an average, in 24 hours — 


Wlien nearly at rest, 

When in m^erate and usual exercise, 

Under great exertion, , 

Undergoing enomous exertion, 


omiriff* avoir. 


fmiiroff. 


18*5 70t(j 90 

23 70 to 90 

( 80 to 100 

( or more. 

I uiiceriaiit. 


26 to 30 

( 30 tf i 36 
I oreventO 


* fa two of the aiost luatm mm I bave ever known, fttmi ftiiri ilhnk 1 deierinhiecl very 
carefnUy, i foxml ilie total amount of aolid wwi liquid Rwxl wa.** and cf tfie Ixidy 

weight. 
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These are all averages, and there is a wide range. From day to day a man 
takes diiferent amounts. Much depends also on the kind and digestibility 
of food. A larger quantity of indigestible food is taken ; much is then lost 
by passing out undigested by the bowels. Of the watcir about ^th or ^th is 
taken as water, the rest is contained as water in the so-<ialled sond food. 

It is most important to fully understand that if more work is required from a 
man his food must be increased in proportion. If it is not, one of two results 
follows : the man ceases part of his work, and his usefulness as an agent of 
force lessens ; or he continues his work, but at the expense of his tissues ; his 
weight lessens, and at a certain point, which is not yet defined, all morbific 
causes (malaria, conhigions, cold, <&c.) begin to act upon him more easily. 


Am<>unt of NitnHjeUj CarUmy tmd Salts, 

Tlio i>heiiomena of nutrition an? owing to tln^ various chemical inter- 
<jhang<?s of intn>gen and carhon, witli the concurrent influences of oxygen and 
hydrogen (chiefly, though not entirely, in thi? form of water) and of various salts. 
A man of mean height, weight, ami activity requires in twenty-foui’ hours.* 


Nitiogcn al>out, . 

250 to 350 

grain a 

Carbon, „ 

3500 to 5000 


Salts, „ 

400 


(’blorims 

120 


rhosjrhoric acid, . 

50 


Pobtsh, 

40 

ih 

8(Kla, 

170 

ti 

Iron, .... 

? 

rt 

Lime, 

Magnesia, . 

1 

,, 

? 


Organic acids ? 

? 



I’he amount of salts cannot 1h> fixed at present ; the quantity of chlorine 
and phosphoric acid is jirobably near the truth, but the amotint of potash, 
lime, and nmgnesia, and ev<*n so<la, is yory doubtful. Few jK*rfe(ii determina- 
tions have Ihk)u made of tlu* poUtsh ; and m it is umrerbiin hi»w much of the 
lime and magnesia pres<*nt in the intestinal discharges i\tv owing to elimin- 
ation, or simjily b> the remains of fWl, it is obvious tliat at pmseiit we can- 
not fix their cpianlitie^ The pn'cise amount of iron is doubtful. One diflfi- 
culty, is that the amount is jtuiged of by the amount eliminated ; 

« 02 j»e of the quantity passing f»ut by skin ami lungs and ki<lneys may, how- 
ever, Ik* mere stirplusage, and have never Uk'u ivctually empUwed in nutrition. 

It has Wtn att<‘m])ted to express the the.nnoineiric power of the food in 
meehanical <K|uivah*nt« ; but at pn^ent it iIch'S not appear to me that we can 
venture to sjieak ndth any pretdsion. It is only certain that a vciy* la^e pro- 
|>ortion of the chemical force of the IVkhI is exjKjmlKl in maintaining the 


• Dr Kciwnitl Hmitli hus given some very interest uig tnMes Rbowing the anjonnt of earltou 
Aiwi tiiirogim tftkim l»y tli« UiiieRAhire i»p«ir«tive« in the time the fimune in 1862. The 
doily (K^aeuniption wns for Hitigle «iole» i.W gmius of oftrl>on and 215 of iiitnigeu, oiid for 
ritigle fenmlcA 87?i8 groins f»f corbon oiul 165 of «itrogi*n. Marr ied adult* am>ear to have token 
lemt, dotthtleocf frotn the additional coIIh <m their nrean*. The diminution of nntritive elennmto 
apIMnam to he chiefly in the niirogcu. Hie diet ivas, therefoa*, far from the starvation pfiiiit, 
m far aa imtriUoii is oonoetned. 
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indQhAiiioal forces acting in the body itself, and is not manifested in external 
force of movement or thought* 

With regard to the relative amounts of nitrogen and carbon required for 
the human body, the most perfect experiments yet made are by Jolm Banke. 
In a state of rest the relative amount of nitro^n and carbon varied between 
1 N. to 11 C,, and 1 N. to 15 C. The absolute amount (weight of person 
160-6Ib. avoir.), was 240 grains of N. to 3531*4 grains (8*07 ounces avoir.) 
of C. to exactly maintain the "weight and tlie balance between ingesta and 
egesta. According to Oasparin's calculations, a man weighing 14 lib. will 
require in grains, 

Nitrogen, Carbon. 

During resti . . 4152 

„ exertion, . . . 395 . 4841 

The ratio of these numbers is rather diflertuit from those of Banke. During 
rest there was 1 X. to 21 C. ; and during activity 1 N. to 12 C. On an 
average about f tbs of the carlx>n arc given in the starches and fats, and Jth in 
the albuminat^, but the ratio varies a goo<l deal. 


Amount of Nitrogenous and Carboniferous Food, 

When, instead of speaking of nitrogen and carbon, ive speak of nitro- 
genous and carboniferous fooil, the proportions come out differently.f One 
part of nitrogenous food to, Ihun 3 to 0 j parts of carboniferous (1 to 4 l>eing the 
mean), fonns the usual proportion in a[>parently all nations, and it is indeed 
remarkable how the ratio is preserved in ditienmt countries, llie following 
table shows the amount of nitrogenous and carboniferous foot!, if the num- 
bers given in the table for calculating di(‘t (]). 141) are adopted. A similar 
table has been given by D.*thebv in his instructive j)aper read before the 
Society of Arts {Journal of ffu' &>ciefg of Aris^ March 1857). The numbers 
are a little different : — 

Nitrogenous Curtiouifenjiui subsUaccs 


Beef, 

Sul»Ktance» j>er cent. 

15 

}>er cunt, reckoiwd as 
. 2016 

Brtjiid, 

8 

. 52-8 

Flour, 

14*6 . 

. 71-5 

Rice, 

5 

. 85-6 

Potatoes, 

1*5 . 

. 23-6 

Pea«, 

24 

. 62-4 

Cheese, . 

33*5 . 

. 58-32 

Milk, 

4 

. 13-88 


* The mechauica! equivalent of heat in 430 grammes lifted 1 metre » 1 gramme of water 
raised m temperature r Cent. The work which con l>e done by 125 graina of nitrogen and 
5500 grains of carbon has been caiculate<t as equal in work to 14 millions of lbs. raijted one foot. 

t 1 have not here need the term plastic ana respiratory fo^xl, as an error is involved when 
an^ words are used in the usual sense. Liebig’s grand and in Uie abstract true physiological 
generalisation oaiinot be applied in the classUicstiion of diets. The plastic ana reepiraiory 
aetjons in nutrition can be alistractedly discussed, but it is questionable if most articlW of 
{and jrwrhapa aU) are not both plastic and respiratory. 

^ when lat is to be reckoned as starch, it is cinisideied that 1 part of fat 2*4 starch,, the 
fat is thereibre multiplied by 2*4, and added to the amount of starch. Tlie reason of this is 
seen by corn{Mmiig the composition of fat and starch 



Fat 

Wnrtk 

Carbon, 

79 

44 44 

Hydrogen, 

11 

617 

Oxygen, 

10 

40-8# 


100 

loo 


Fat will demand 220^334 parts of 0. U» convert all the carbon Intoearbonie a^. Btateh will 
deniaad only 113*334 parts. These numbers are to ea<‘h other as 2*4 to 1. 
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If it be desired to calculate the amount of nitrogen or carbon in these 
articles, it can be done very simply : — 

1. Divide the nitrogenous substance by 6*3, the result is nitrogen; e.g, 
15, nitrogenous substance per cent., therefore — 

™ =. 2*42 per cent, of N. 
b*3 

2* Multiply the amount of fat by *79, the^ result is carbon ; multiply the 
amount of starch by *444 ; the result is carbon, a^^id the two results. 

But it must be understood that there is also 53*5 per cent, of carbon in 
the nitrogenous substances. Multiplying any albuminoid substance by *535 
will give the amount of carlwn ; e,g. in 100 ounces of meat there arc 15 
ounces of nitrogonous matter, and these 15 ounces contain (15* x 535 = ) 
9 ounces of carbon. 

If the amount of carbon in the fat, starch, and albuminoid matters bo added, 
we obtain the total amount of carbon in the diet under examination. 

Amount of the Fundamental Dietetic Prineiples. 

As already staled diet niust not be considered! only in relation to its 
amount of nitrogtui, carl)oii, hydrogen, and siilts. The form in which these 
tdements exist is of great HKUuent, and it would therefore ap}>ear that the 
physK^l condition of the foml is s(»cond only in iniportanre to its ultimate 
chemical constitution, and it m therch^re at present of the greatest practical 
importance to calculate the amount of the fundamental dietetic principles.* 

It now seems cei*bun that the fats and starches are not interchangeable ; 
tlmt each class luis its own part to ]>lay in nutrition, and therefore it is 
wrong, in calculating diets, to confound starches and fats under the one common 
term of carbon iferems. 

The mean amount of the four classes of solid aliments has been determined 
by sevenil physiologists ; but yet is ch*ar many more experiments are needed 
to get a true average!. The following table is taken from Molcscliottt the 
greatest authority, at present, on this |>oint. 


Water and fo^ nw^uired daily for a w^orking man of average height and 
weight : — 



(traiumes. 

Ounceei avoir. 

1 or.s=437.5 grains. 

Albuminous sulistances. 

130 

4587 

Fatty, 

84 

2-964 

CarlKiliydrates, 

404 

14-257 

Salts (all kinds), . 

30 

1-058 


648 

22*866 

Water, 

. 2800 

98*580 


3448 

121*446 

Ilildeslieim has calculated that 

a man in moderate exertion should have 

Albuminates, 


4 -G4 ounces avoir. 

Fat, .... 

. . ♦ 

1.3 

Staivhes, 

. 

16-8 


Total. 

23*84 


• As defined by Prout» end now Admitted by the chief euthon on diet, 
t Phy«. der KAliruugAinitieK IfifiO. p. 223, * A conAiderAble numlwt of diete have been cal- 
euiated by Mulder, Payen, Uaepaiin, Uebig, Playfair, Hildeaheim, Christison, l«tbeby. 
Under lindeay (3fith AntmiU Be^it of the Jamee Murray bunatlc Asylum, 18641, and aeveral 
olhera. and I hare also oalmUated several, but such deUils can only be given iit a tmtitie on 
diet ; by tneatiA of the table afterwimla given, however, any one may calculate out the amciunts. 
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Theso numbers are token cliiefly fkun working ineii^s dietaries. In per- 
sons of an equal activity, but more able to obtain wliat food they please, 1 
believe, the albuminates and fats will Ik? found in lar^.r amount and the 
starches smaller ; at least, they were so in the two following cases : — 

In a friend of very active habits, aged thirty-two, and weighing 165 751b, 
the so-calltKl solid foini amounted to 40 J ounces, on a mean of seventeen daya 
'Die water free solids and the water amounted to — * 

Albuminates, . , , , . 6*056 ounces avoir. 

Fats, 4*709 

(.'arbohydrates, .... 11*573 „ 


Water (in food and drink), . 88*860 „ 

In this case a very largt^ amount of fat w*us tiiken in the form of meat and 
butter, and a lesser pro{x^rtion of stanches. No less than 413 grains of 
nitrogen were hikeii daily. 

In another friend, aged twenty-six, weighing 1321t>, of remarkably active 
habits, the daily solid ingesta were 4*2 ounces avoir., calculating the wat(?r in 
tliis the watc‘r-ti*ee food was : — 

Albuminates, ..... 7 37 ounces avoir. 

Fats, ...... 0*048 

les, . . . 11*75 ,, 

25*168 


Wah^r (in fof-Kl and tlrink), 60*42 

In this cas<f, an in the former, the amomij. (»f Hlbumiuat**^ w’tus viTV large, in 
a<^conlance with the extrtunely active life ; the fat was also very large, owing 
to th*‘ quantity of meat an<l of butter (2 ouuce.s) taken ilaily ; the sUwtrhfKs 
were comparatively in small am<,uinl. 

Ill l>oth these t:asi*s the snbjw?ts of the experiments were? in e^isy cireuni 
stanccjs, and kjok fi»od ad HhUtun ; they lM>th a[»|»eured to U* in [lerfect henith ; 
they bH>k no wim^ or .sjiirits, and but little beer. 

A railway navvy’s eonsumplion at home is 


Dread, .... 


.... 

l.‘(-70 „ 

Potiitoes, 

7 „ 

< 3ifK?SC, .... 

1-70 

Dutk?r, . , , , 

. . . *57 „ 

Vegekibles, , 

•57 

lkx?r, .... 

37 

C’olFeti, . , . , 

*5 

('ocoa, . . . , 

. . . M „ 


Making, altogv^ther, aliout 52 ounces of (s^r-calhKl) solid fxHl, without rtKjkori 
ing the kia, coffee, &c. ; the amount in 7*7 water-free ounctrs f»f albumiimteiK, 
and 26*3 of carkmiferoua {l>ijtheby). Dr ( liristiaon tVmnd that the Iferwick- 
shin; reii|K?r takes alxmt 7 ounces of albuminates, and 37 of airlamiferouH ftxMl, 


♦ In thm ami the following caae thi? food wimi vi^rj’ rarf^fiiHy Wf ighnl ; the amount of 

niid nilroffi-sn in thft hi-^ad waa determined ; tlie remniiiii»x nu>e«nt» were a 

that the cotnismition of tlte food wmt Miuiikr Ut that given in Ute 
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while the Yorkshire laborirers will take 8*8 ounces of albuminates, and 42 of 
carboniferous (Letheby) — an amount which is almost incredible. 

Moleschott has calculated that 104 grammes of nitrogenous substances 
( = 3*671 ounces avoir, or 243 grains of nitrogen) is the lemt amount a work- 
ing man ought to have. Many men not working particularly hard take 5 to 
5*4 ounces avoir, daily of wakir-free albuminates, llie least amount on wliich 
tolerably active life can be maintained for a shoit time, is 1 *4 or 1 *5 ounces 
avoir, of anhydrous nitrogenous suljstances ( =s 97 to 100 grains of nitrogen). 
With this amount, however, the hiKly losea weight, and more nitrogen passes 
off than enters, unless, as soon Impfxjns, the work of the body is lessened.* 
The ani(»uiit of mechanical work obtainable from such a hmly is very small 
For the purj><.»se of calculating the amounts of the seveml classes of aliments 
a table of uvenigo composition must 1 m* umHi, as, of courst*, it is impossible to 
make analystjs of the articles iictually taken. Such iahl«5S cannot preteml 
al>soluk accunu*y, hut an; yet extnuiiely UH<»ful as giving a close approxima- 
tion. Whenever practicable the nutritive value should Ixi calculated on the 
mw 8ul>statice, as the analyses of co<»kt.Hl food arc more variable. It must 
Uien be setm tlmt no loss occurs in cooking. t 

Ttthiv for (Utlnihitiinj Dlrfft, 


AritckMi of tlie 8oUlicr’« Diet. 


Uncooked meat of the kind sup- 
pliofl to soMiers. — lH*ef aiul • . 
inutbm. Ikuie constitutes Jth t 
of the soldiers allowam*t‘,J ^ 
rnco<»kcsl meat of fatkned > 
cattb?. UalcnhiUslfriuu Uiwes’ 1 
ami (»illH*rt’s exisuiuumts. I! 
Thi^se nuinb<*r« an* to Im* ust*d j j 
if the meat is very fat, . . 

Cooknl meat ;§ roast, no drip- 1 
ping King lost, lloiled as- J- 
aiittUHl to the same, . . ) | 

Bnmci ; whit4) wluuiUtu of aver- ( i 

age tjuality, J ! 

Flour, avoiiigo quality, . , . 

Bisemt, , 

Rice, 

Clatmcial, 


In Parts. 

I Anmui! 


75 i 

15 ! 

8-4 1 

i 

... 1 

1*6 

C3 

14 i 

19 



54 

j 

27-C i 

15-45 


2*95 

40 


1-5 1 

49-2 i 

1*3 

14 j 

1 14-f. 

1-2 

: 68-6 

1*6 

8 1 

1 15-6 

1-3 

i 73-4 

1*7 

10 ; 

5 

• 8 

i 63-2 

0*5 

12 

16 

6-8 

! (•.3-2 

*> II 


• In th« experinu^nOt on the frtendi ju«t refertwl ti^ the ain<nmt of entering nitix^n wwi 
nffvTH'ards reduc«4 U* 175*78 and 164 imiins ilaily, fttmi a previous aniouut of more than 460 
rnfmi. The amount of ur^a waa enonnoualy leeaeiimt, hut in UUli cA'*e« m<m» N. paasecl off 
thim entered the bmly, «ml the hotly losing 'weight, the active work m ofie jwratm l^egau to 
leiiaett in ftve days. In the other no effect on the work was protiucetl in seven dav's, the extent 
of the tiiil. 

t Since thi* was written nn useful little hook hae Iwen piihliahed hy Dr Horace Dobell 
** Manual of Diet and Heglmen, 1864/’ which ccuttains a fuller table of thi« kind, 

X The ipelatine of the meat is reckoned with the albumiimtes ; it is not certain what deduction 
should 1)0 made on aceotuii of ita lower nutritive value, which is about 4th that of albumen 
iBiachoff). 

J Theet nnmbeiu are tak^ from dohn EankeV analysis. ){ Silica of the husk deducted. 
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Table for Oaletdating DieU — Continued. 


Articles of the Soldier*H diet. 


In 100 Parts. 


Water. 

Album?* 

nates. 

Fata. 

Carboby- 

dratea. 

Salta. 

Maize (Poggiale), 

13*5 

10 

6-7 

53 

1*4 

Peas (iry), 

15 

22 

2* 

63* 

2*4 

Potat^ 

74 

1'5 

•1 

23-4 

1. 

Carrots (cellulose excluded), 

85 

•6 

*25 

*5 

8*4 

*7 

Cabbage, 

91 

‘2 

5*8 

I 

Butter, 

6 

•3 

91 

... 

variabld^ 

Egg (10 per cent, must be do>] 



11-6 


1 

ducted for shell from the J | 

73*5 

13*5 

... 

weight of the egg), . . . j 



1 24-3 


5*4 

Cheese, 

36*8 i 

335 


Milk (sp, gr. 1030 and over), . 

i 87 1 

4 ^ 

i 37 

5* 

*C) 

Milk (sp. gr. 1026), .... 

90 ! 

3 

1 2-5 

3-9 

•5 

1 Sugar, 

3 

1 


i Ofi-S ! 

•5 


The mode of using the table is very simple ; the quantity of uncooked meat 
or bread being known, anil it being assunie<I or prov(*d that there is no loss in 
cooking, a rule of three brings out at once the j)roportion. Thus, the ration 
allowance of meat l>eing 12 oz., 2*4 oz. or 20 per cent, is di»ducteii for l>one, as 
the soldier does not get the best parts. The quantity of water in the remaining 

9*6 ounces will be AvaU^r-free solids will be 2*4 ounces. 

In the case of salt be<?f or pork, it is not certain how their value should be 
calculated. The analyses by (iimnlin giv#for uacookiid salt l>eef — 

49*1 1 fH-tr cent of wak-r. 


24-8^ 

tibrin and cellular tissue, 

3-28 „ 

extractive matters. 

■7 ,, 

album<*n, 

•18 „ 

fat, 

21-07 „ 

soluble salts ; 


but the analysis of the brine shows tliut much of the nutritious matters, 
organic and inin(5ral (phos[>horic aci<l, magnesia) liave pisscni out of the meat,t 
Liebig has reckoned the nutritive loss at one third, or even ono-half. Tlie large 
|)eTcentage of fibrin and cellular tissue in salt nn^it is ma<ie up of indigestible 
nitrogenous sulistances, which alFonl, prol)al)ly, little real nutritive material. 
Perhaps salt beef may l>e reckoned as e<pial to two-thirds the quantity of fresh 
beef; this estimate is certainly quite high enough. 

The prcfcise amount of the mineral matters ol* the various artich<!8 can bo 
calculated, whenever necessary, from the following list, compiled in great part 
from Moleschott's elaborate tablea. The mcxle of calculation is the aame m 
above. For example, it is required to know the amount of chloride of potas- 
sium in the soldier's ration of meat, which is taken, we will say, m 9*6 ounces 
without bone — 

•139x9*6 r 

— j.™ — » *01334 oz., or 5*83 grams. 

* Thew h also a good deal of indig^ibte celtuloae, about 5 per cent 
1 ^/ Whiuslaw {Chmkal Xem, Marcb 1864) ba« ehowa that the brine ia Mtnmted wtUi 
the juice of meat extract of meat may be obtained by dialyeli fWmi the biW. 
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We are now prepared to examine the food of our own and other armies. 

ExausH Soldier on Home Service. 

Daily Qumi/iy, CW, and Nuiritive Value of ih4* B(ddieV» Raiiom, 


Articles. 

Quantity taken doily 
in 02 . and lOtlis of oz. 

Price. 

To whom paid. 

Meat, 

Bread, 

Bread, 

Potatoes, .... 
Other vegetiibles, . . 

Coffet^, 

Tea, 

Salt, 

Sugar, 

Milk, 

12 oz. 1 

16 „ / 

s „ 

16 

8 

0* 33 „ 

()• 16 „ 

0*25 „ 

1-33 „ 

3*25 „ / 

4Jd. 

3J(l 

Goveniment. 

Bouglit in the market, 
or in some stations 
part,ly stipplied at 
cost ])rice i>y govern- 
ment. 

1 

1 

t 

Total quantity, 
Total value, . . 

Go- 32 oz. 

i 

1 8(1. 

1 



1 1 


Nutritive Value iu Ounre^ (arair.) and Teutha of On 


Articles. 

\ 1 

VV«f.vr IKdrftjjeuouK; 

* ; Huiwtaiwt*^. ! 

Krtt. 

Carlto* 

hydrates. 

i 

Salts. j 

j 

Meat, one- fifth dc- 1 
ducted for lK>ne, . J 

7. 2 

wm 

0- 8 


! 

-154 i 

Bread, 

9* 6 


0-3G 

11*73 

•312 j 

Potatoes, .... 

11*84 


0*02 

3*75 

•020 

Other vegetables ) : 

taken, as cabl>{\ge, j 1 

7*28 

0*10 

0*04 

0-40 

•050 

Milk, ..... * 

2*92 

0- 1 

0*08 

0-13 

•016 

Sasar, 

004 



1-28 

•fK>6 j 

Salt, 

... 

... 

... 


• 25 

Total,. . . . 

38-88 

3-86 

1*30 

17-35 

•808 


In addition there is coffee, 0 33 oiincx^s. 

„ ttia, Oif) „ 

n IH^pper, 

Beckoned aa nitrogenous and carboniferous suli«tanc<js (starch), the amount 
is — 

Nitrogenous sulistancjcs, 3*80 I. 

Carboniferons (starch), 20 i7 5.3, 

This is equivalent to — 

Nitrogen, 268 grains. 

Carbon, 9 ounces, or 3037 
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Dr Playfair lias calculated the diet of the English soldiers at home to bo 
Nitrogenous substances, . 4*2 ounces avoir. 

Non-nitrogenous, „ . . 13*6 „ 

Salts, 0*57 

But probably the meat was calculated as without bone, and all the articles 
bought by the soldier himself were not inclnded. 

line ration of the English soldier at home, therefdre, appefirs to he deficient, 
to a certain extent, in albuminates ; to Ije very poor in fat, and to be in 
excess in starches. The frtjsh vegetables are sufficient. It would be im- 
proved by the addition of more memt, or what would perhaps be l)etter, two 
ounces of good cheese — ^l>y some fatty food, such as ba(*-on, butttjr — or by a 
greater use of oil in cooking (an excellent way of getting fat into the system) — 
^«nd by a larger (unployment of beans and j)eiis.* 

The accessory foods are rather d<‘ficient, and vinegar especially should be 
used Rolxirt Jackson very justly insistixl on the importance of vinegar as a 
digestive agent and tkvounu, as well no doubt as an antiscorbutic. He re- 
marks on the great use <»f vinegar made by the Romans, and pcw^ibly the 
companitive exemption which they hml from scurvy was due to this. In time 
of war this ration is quitch insufficient. (*See War.) 

The diet of the soldier on foreign stations i.s stfib^d under the several head- 
ings when it differs nuit(*rially from that of home serv ice, and the alterations 
in the diet which should be made under cin uinstances of great exertion aro 
given in the proper chapter. 

In the time of Edward VI. the English sol(li('r*s rations during war were- 
meat 2 lbs., bread 1 lb., wine 1 pint (Fnnide). The wine was the light 
French wine invariably used in England l>efor(^ the Methuen treaty. 

Ration of thk French 8(>tj)ifr.+ 

Ifi time o f 

In time of jK‘ace the different arms of the Service are somewhat differently 
fed, according to the contribution which the men make themselves, as in 
England. Thus the infantry of the line pay 45 centimes daily, the cavalry of 
the line 43 centimes, and the imj>erial guard 50 centimes. In time of peace 
the State furnishes only bread and fuel, the soldier buys the rest. 


In ftitiirif of fhfi Line, 


Munition bread, 

iiraniraes. 

750 

Oonces avoir. 

26*5 

Wliite bread for soup. 

250 

8*8 

Meat . 

250 

8*8 

Vegetabh^, 

160 

5T> 

Salt, 

15 

0*5 

Pep|)cr, . 

2 

f 0*07 

) = 31 grains. 

Brandy, . 

50 C.C. 

0*1| ounc<‘s. 


Total, exclusive of brandy, . . 50*27 

If biscuit is issued, 550 grammes (or 19*4 ounces) are given in place of 
bread. If salt beeff is used, 250 grammes (8*8 ounces) are issued, and 200 
(7 ox) of salt ix»rk. Haricot beans fre<|uently form port of the vegetables. 

Analysed by the table for calculating diets, and deducting 20 per cent finom 

• Vnriouu diets hsve been nropoeed by 8ir A. Tulloch tad others ia the Boysl Sanitary 
Commisaion’e Beport, p, 429, $t $eq. 0r CJhriatison’a remarks will be also found there, and are 
well wcoth attentive study, 

t Code des Oflloiers de SantS, par Didiot, 1S62, pp. 4S1, et 

K 
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the meat for bone, the water-free food of the French infantry soldier is, in 
ounces and tenths^ 



Water. 

Albumi- 

nates* 

Fate. 

Starches. 

Bread, 

14 

2-8 

0-6 

17-8 

Meat, 

6-6 

1-4 

0-8 


Vegetables (taken as cabbage), 

: 509 

•11 

•028 

•32 

Total, 

t 

25-69 

4-31 

1-328 

18-12 


In Algiers the ration of bread is also 750 grammes, or 2G*5 oiinces, and 8’8 
ounces for soup, or biscuit C43 gnunmes. The meat is the same ; 60 grammes 
of rice and 16 of salt are issued, and on the march sugar, coflee, and \ litre of 
nina 

In iimr of Il7ir. 



( 

Total. 

Water. 

Albunii- 
1 nates. 

J 

Fata. 

Starchea. 

Meat (without bone), 

7 

5-2 


0-7 


Bread, 

26‘5 

10-6 

! 2-1 

0-4 

13 5 

Or Biscuit, . 

(18-5) 


i 



Rice, . 

2 

0-2 

1 0-078 

0-018 

1-7 

Dried Vegehddes, . 

f ^ 


0-5 


1-5 

Salt Beef or Salt Pork, 

8-75 

- 

6-58 

1-4 

0-78 


! Total, . 1 

I 

' 40-25 

22-58 

i 5-18 

1-898 

16-7 

Salt, . . . 1 

2 5 





Wi,e, . . . 1 

i pint 





B(fcr, . 

1 f>int 

Total waU^r free 

food. 23*7 oz. 

Brandy, 

i <>z« 





Vin<?giir, 





Sugar, . 

1 o 






In the Crimc^a the ration was rather larger than tliis ; 101 ounces of frt^sli 
meat and 8 of salt jK>rk Ixdng issued, ami liaricot lx»,ans, with or without rice* 


ThUHSIAN SOLPIRR.* 


In ime of JWm (in omtcn avoir.) 


Bread (rye in part), 
Meat (without Ixme), 

Quantity. 

Water. 

Album. 

sulist. 

Fatty 

subat. 

SUw'hy 

sul»at. 

Balta. 

25-5 

6-5 

B 

2-25 

1 0-9 

! 

•33 

■5 

11-75 

•21 

i 

i 

31 

15 j 

3-15 

•83 

11-75 

•21 


15*9 oz. avoir* d*uly. 


HildiefflieiJii. I>i« Komiil-PUt Berlin, 1856, p, 
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For this food, and for a very small quantity of fresh vegetables, the soldier 
pays a little over l|d. daily. As this is insufficient, he is obliged to buy food 
for himself. Hildeshoim states that he has not been able to ascertain whether 
he obtains even in this way enough, but that diseases of an asthenic character 
are of such frequent occurrence among these soldiers as to lead to the belief 
that the diet, even when incrt^asod by private means^ is insufficient. • 


On the March (m mncm avoir.) 



20*58 oz. avoir, daily of watt^r-free solid in addition to a small supply of 

fresh vegeUibles. 


If the soldier always got this <|uantity, he might manage pretty well, but 
he sometimes nwivfis j»art of it in intHitiV ; this he spends always in brandy, 
and soon becomes “ fatigued and unable to IxMir the marcluis.” 

Hildesheim says he greatly re<iuin?s a mirrn hreakfast^' after which, even 
in stormy weiither, great fatigue Ciiu ho lK)rne. 

I/f time of War. 

The war ration is divitl(*<l into a lesser and greater war ration ; the former 
merely differs from the latter in having one-half as much mcjit. 

Greater irar Ration.* 

Ounces. \ Ounc<^. 

Bread, . . . 29 Or Peas, or Beans, or Flour, 8 

Or Biscuit, . 14*4 Or PoUxtoes, . . 48 

Fresh Meat, , 8 Salt, .... *75 

Or Balt Meat, . . 19 Coffee, roasted, . . *5 

Kice, ... 3 Brandy, ... 2 

Or Barley, Rye, or Buckwheat, 3 J 

As the ration is thus not always the same, it is difficult to calculate it, but 
supposing rice wm issiUMl, it would Iw - 20*217 oz. of total wati?r-free solids. 
This amount would suffice for a daily nxareh of about foui’teen English miles, 
but not for anything inon! sev(»re than this. If jx^as or beans were issued, 
the amount of nitrtigen would be greater. 

lliis diet scale is not well twrauged. Rice, pearl barley, peas, and potatoes, 
are not substitutes for each other. 

In the war in Schleswig, in 1864, the diet of the Prussian soldier was 
stated to be — moat Jib, bread 21b, peas or Ixeans Jib, salt J oz., roasted coffee 
J 02 ,, rice or sago occasionally. On field days the meat was doubled. Biscuit 
was only used when bread could not be obtained. 


♦ Ordlttiuioe uf Dm PreuM. MUitoir Mcd.-Wc»en. 
The euioixnt potatoee eeeme very greet. 


Von C. J. Prager. 1864, p. 15B. 

K 2 
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Austrian Soldier. 


In iinie of Peace (in ounces avoir,) 


Bread, 

Meat (without bone), 
Flour, 

Totel. 

Wiiter. ’jNitr. subst. 

Fatty ftubat. 

Starchy 

substaacea. 

31*75 

7*5 

i 1*25 

1 

12-7 ; 2-64 

5-625 ! 1-2 

0-175 ; 0-175 

1 

0-476 

0-676 

0-025 

16-190 

0-875 


■ 40*50 

I i 

18-500 ! 3-915 

1*176 

17-066 


Total solid (water-free food) = 22*156. 


The amount is pretty good, but there is too great a preponderance of bread, 
and there is too great sameness. The fat is in too small a qiiantity ; the 
nitrogenous substances are too small. 


In time of War. 


It is difficult to calculate the daily ration, as there is a weekly issue of many 
substances. On four days, fresh pork is issued ; the total amount being 26 
oz., or 6Joz. daily. On one diiy, Goz. of salt pork ; on one day, Goz. of beef ; 
and on one day, 6 oz. of smoked l»aeon ; altogether in the week, 44o2. of 
meat are issued ; and in addition, 1 oz, of butter or fat 
There are also issued j>er week ; — 

24^ ounces of biscuit, 

147 ,, Hour for bread, 

2Di .. „ m)king, 

5^, pickled eabliage (sour kraut), 

0 „ |K>tatof«, 


5^ „ jHjase, 

5 „ barley. 

If these articles he distributed uniformly over the seven days, the result is 
per diem : — 

4§ ounces of nitrogenous substances, 

14 ,, fatty substanccvs, 

20| „ carlx>-hydrates, 


Water-free foo<l, 26*9 
Wine, brandy, and beer are also given. 

For the calculation of the nitrogenous substances in meat, Artmann, the 
Austrian surgeon, has been followed ; but as he takes the nitrogenous consti- 
tuents of meat as 20 per cent., and the fat as 10 j^er cent., the proportion of 
these two constituents is rated too high 


Russian Army* (1856). 


Black bread, i Hi 

Meat, . . . ] h 

Kawass (fermented drink), . 1*1 quarts. 

Sour cabbage . . 3i gills, 

Barley, . . . . 3J gills. 


* Report of Ssnitory CommiMion, 185S, p. 425. 
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Salt, . ourjceB, 

Horse radish, 4 grains, 

Pepper, .... 4 grains, 

Vinegar, . . . . gills, 

it will be observed tliat this ration is particularly strong in accessory and 
antiscorbutic food ; in this respect, we might take a lesson from the Kussians. 

Hindu diet , — The Hindu diet consists of some of the millets (cholum, 
raggee, cumboo, see Millets), rice, leguminossB {Cajanm Indkm)^ with green 
vegetables, oil, and spices. If any land of diet of tliis sort has to be calculated, 
it can be readily done by means of the analyses of the usual foods given farther 
on. For example, a Hindu prisoner at labour in Bengal, receives, under 
Dr Mouat’s dietary,* the following diet during his working days : — 


1 

Total. 

oz. 

i Water. 

I oz. 

1 

Alhnm. 

oz. 

• Fat. 

; oz. 

jStarches. 

! oz. 

Salt. 

OZ. 

Ricp, . . I 

20 

1 2 

1 

•IG 

16*74 

•1 

Dholl (a jKja Cujaum \ j 
indie us) ^ j ' 

4 

•4 

' *9 

•08 

i 

2 '75 

■12 

Vegetables (reckun(?d ( ; 

C 

5-40 

• 12 

1 03 

•34 

•04 

as cabbage), ) 


Oil, . . ! 

•;ia 



! -33 


i 

Salt, . 

•33 

i 


I 


■33 

Spices, . 

•33 

! ••• 

! 

1 




In some Bengal prisons, 2 (»nuces of fish or flesh appears to be also given. 


SECTION in, 

AMOUNT AND KIND Of FOOD IN SICKNESS. 

Tills subject belongs to the practice of medi(‘in(‘, and cannot Ik* treated in a 
work on Hygiene, A few words may, li<iw<}ver be said. 

Two modes may Ik employed in calculating sick diets. 

1. llie average diet of healthy men may be halved or quartert*d ; here the 
relations of the dif!<?,rent classes remain the sanu*, but the amount is lessened. 
These half and quarter diets art^ useful, as allowing the physician to know at 
once the exact amount his patient is hiking ; and hibles can be kept of the 
nutritiv’e value? of the diet, to avoid tnjuble in calculation. 

2. The relative pro|K)rti(>ns of the sH*veral classes may be altered ; the nitro- 
genous subshincKS may lx? iuci'caw^d or lessened ; or the fatty or starchy sub- 
stances or salts may thus <lealt with. By making alterations in this w^ay, 
certain tissues may be fed or brought into a staU? of inanition at the option of the 
physician, and the nitrogeneous tissues can Ik w-asttnl or fed, or the fat of the 
body con be removed or increased almost at ivill. lliis can Ik* done in some 
cases both directly and indirectly — thus, the growth of the nitrogenous tissues 
can be alteretl both directly by increasing or lesstuiing the nitrogenous sub- 
stances ; or indirectly, by idtering the amount of slarc^bes, which by their more 
easy union with oxygen, affect the action of that agent on the nitrogenous 
tissuea But these results are not identical ; in one case, if the nitrogenous 
aliments are increascHl, the growth df the nitrogenous tissues is rendered more 
active, and their hulk increases, l>ecau8e then? is increased formation ; if the 
starches only increased, the nitre^enous tissues also increase in bulk, or 
rather remain unwasted ; but this is simply from delayed metamorphosis. 

^ Bh* MoasVs elalKmts report On ilie Diet of Bengal Prisoner^** Oovemmeat Betam, 1860. 
p. 40. The oliHtsck is reckoned as the ha»i»r chittack- vlai., « •1288 lb, or nearly 2 oimoea avoir. 
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It oamiot be said at present that the facts of nutrition, now being worked 
out by physiologists, can l)o applied very perfectly in the treatment of chwase 
but some indications have been given, and it is certain, that tlie physician can 
in this way wield a groat power ; which, if less striking than that obtained 
more rapidly by drugs, is yet of immense moment. 

In addition to quantity and composition, the digestibility of the food is a 
point of vast importance in the treatment of tlie sick, as the nervous and 
muscular powers of the stomach, and the supply of gastric juice, art? so often 
lessened. The point of digestibility indeed is often alone considered, and 
certainly it is most important; hut it should not supersede, but supplement 
the determination of quantity, and the calculation of ccmipoaition. 

Fixed scales of diet for sick must be used in hospitals for convenience ; hut 
the innumerable wantsLof the sick can never bo comprc?ssed into three or four 
beds of Procrustes ; and as the treatment by diet is lM?iter undersUxwl, the 
fixed diet table.s mil gmdually become mere outlines, wliich will be filled up 
by oiders for each sjieciiil case. 

In the army, in ortlor to facilitate work, a very elaboraU< system of dic?t 
tables is in use, which is intended to avoid, as far as j^ossibh*, the employment 
of extras. Tliere an? altogether t<‘n diets — tea, spoon, ])c»af-tea, milk, low, 
chicken, half, fish, roast, entin?. The amount is givt*n in the Medical Itegula- 
tions (page 60). The following table shows the (piantity in the <;hief fliete, 
and the projiortioii <»f ('arlKmiferous and nitrogenous aJitnents, as calculated 
by Dr Cliristisi,)!!, and not by means of tlie pa‘ce<ling table, are also given. 

Amount and Nutritive Value of MilHury lioepitnl m JiJted by 


T«i 

Diet. 

Oxincen. 

rarlKiuilVmas. 

Nitroffenous. 

T«»tal. 

Bread, 


8 

4-12 

0-84 

4-96 

T.!a, . 

• 

A 


... 


Sugar, 

. 

3 

300 


3-<K) 

Milk, 


0 

0 48 

027 

0-75 

Total, . 

* 1 i 2 

TOO 

111 

8-71 



I^fr Diet. 



Low 

Diet. 

Ounces. 



Carl»oniferr«w. 

NitrogenouH. 

Total. 

Meat and 

Bone, . 

! 8 

1-20 

1 -01 i 

2-81 

Bread, 

. 

U 

7-21 

1-47 

. 8-68 

Sugar, 

, 

H 


0- 0 

1-60 

Milk, 

, 

6 

•48 

! -27 

•75 


\ Eice, 

2 

1-60 

: *20 

V80 

Pudclinge 

Milk, 

Sugar, 

15 

H 

1-20 

1-50 

'67 i 

1-87 

1-50 


[Esf?. 

1 

•30 

•40 1 

•70 

Ibtal, . 

49 

14-99 

4 '62 1 

I 19-61 

1 


has attamjitel thia in hia chapter (nnfortunatitly too ahorl), on tte Diet In 
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Ammnt mi Nutritim Value of Military Hospital Diets as fixed by 
Eegulation — continued. 


Half Diet. | 

HalfDlst 

Ottnees. 

OarboiiifcmtiA. 

Nitrogenous. 

Total. 

Meat, 

8 

1*20 

1-61 

2-82 

Bread, 

16 

8-24 

1-68 

9-92 

Potatoes, . 

8 

1*96 


216 

Barley, 


117 

•28 

1*45 

Sugar, 

i| 

1-75 

•00 

1-75 

Milk, 

6 

•48 

•27 

•75 

Vegetables, 

3 

•06 

•01 

•07 

Butter, 

1 

l-OO 

•00 


Flour, 

Oi 

•18 

•04 

•22 

Total, . 

4r.i 

1604 

4-10 

20*14 

Enfini Diet. 

Entire Diet. 

Ounces. 

Carbuniferoua. 

NitroginouH. 

Total. 

Meat, ex-l>one, . 

12 

1-30 

2‘4,;> 

3-75 

Bn^wl, 

16 

8-84 

1*08 

9*92 

Potatoes, . 

16 

3-92 

•40 

4-32 

Bjirley, 


117 

•28 

1-45 

Sugar, 

d 

1-73 

•00 

1-75 

Milk, 

6 

•48 

•27 

•75 

Vegetables, 

4 

•08 

•02 

•10 

Blitter, 

1 

1*00 

•00 

100 

Flour, 

1 

•18 

•04 

•22 

Total, . 

58i 

18-7-2 

*4-54 

23-26 


/W/ Diet . — Nearly Hunu* as half du‘t, hut with half fowl or chicken, 
weighing 8 ounces, exclusive of l>om% either to he nuisU'd or made into soup, 
in lieu of 8 ounces iiuvat. * 

FiWi Diet , — Ncjarly the same as half diet, hut with 8 ounces of white fish 
in lieu of 8 ounc<is of lueiit, and with two ounces of huiter instead of one. 

Road Diet — Nenrly the aaine as lialf diet, hut with 8 oui»ces of mutton- 
chop in lieu at 8 ouixies id* nxuit. 

S^Mxm Diet — Bmul (8 oz,), sugar, milk, ami arrowroot 
Beef Tea />tW, — Bnwl (12 oz.), Umi, sugar, milk, salt, aud 8 ounces of Injcf 
for beef-tea. 

SEOTION IV. 

DIGESTIBILITY OF FOOD. 

The quantity of the different articles of diet l>eing determine^ and their 
good quality asc.«wtained (see succeeding chapters), the next point is to fix 
t^eir degree of digestibility. 
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Digestibility deji^iids partly on the original nature of the substance, as to 
hardness and cohesion, or chemical nature, and partly on the manner in which 
it can be altered by cooking. Tables of degree of digestibility have been 
foimed by several writers, and especially by Dr Beaumont, by direct experi* 
ment on Alexis St Martin ; but it must be rememl)ered, that th^e are iderely 
approximative, as it is so difficult to keep the conditions of cooking equal* 

Kice, tripe, whipped eggs, sago, tapioca, barley, Ixjiled milk, raw eg^, lamb, 
parsnips, washed* and baked pt>tatoe8, and fricasseed chicken, are the most 
easily digested substances in the order here given ; the rice disappearing firom 
the stomach in one hour, and the fricasseed chicken in 2 1 hours. Beef^ jwrk, 
mutton, oysters, butter, bread, veal, boiled and roa.sUHl fowds, are rather less 
digestible ; roast beef disappearing from the stomach in three hours, and roast 
fowl in four hours. Salt beef and pork disapi>earod in 4J liours. 

As a rule, Beaumont found animal food digested sooiu^r than farinaceous, 
and in proi)ortion to its minuteness of division, and tenderness of fibre. 


SECTION V. 

VAKIETY OF FOOD. 

According to the best writers on diet, it is not enough to ^ve the proxi 
mate dietetic substances in })ro|X5r amount. Variety must lx* introduced into 
the food, and different substances of the same class must Ihj alternaUdy em- 
ployed- It may appear singular, that this should Iw necessiiry ; and certainly 
many men, and most animals, have |»4*rtect li«*alth on a very uiiifonn diet 
Vet, there apjxjars no doubt of the g<HKl ef!e<d <if variety, and its action i« 
probably on primaiy^ digestion. Siimeness cloys ; and with v^iriety, more ftxKl 
is taken, and a larger amount of autrimeut is introduced. It is iin|>ossiblc, 
however, with rations, to intro<luce any gnuit vari<‘ty of fcKKl ; but the same 
object apjx*ars to Ix' .s<*curt*d by having a variety of c<.K>king. Formerly, the 
soldier had nothing but lx)iled Ixxd ; now, he lias roast meat twice in the 
week, and stews occasionally ; and a jHirtion of bis flour is made into jmddings. 
In the case of children esp^icially, a great imj>roveinent in lu^lth takes place 
when variety of c(x»kiug is introduced ; and by tiiis plan (among others), Dr 
Balfour 8ucceede<l in marvellously improving the health of the Ixiys in the 
Duke of York's 8ch(H*l ^ 


HEfTlON VI. 

DISEASES CONNECTED WITH FOOD. 

So groat is the influence of food on health, that some writers have reduced 
hygiene almost to a branch of dietetics. Ilappiness, os well as health, is 
considered to be insurtxl or imjxjrille<l by a gmxl or impro{x*r diet, and high 
moral conriderations are supposed to lx* involved in the ilue jKjrfonnance of 
digestion. If there is some exaggeration in this, there is much truth ; and 
doubtless, of all the agencies w hich affect nutrition, tim is the most important. 

The diseases connected with food, fom probably the most numerous onler 
which proceeds from a single cla^ of causes ; and so important are they, that 
a renew of them is equivalent to a discussion on diseas^^ of nutrition genersdly. 

It is of course imfsissible to do more hen^. than outline so large a topic. 

Diseases may be prcxiuced by attemtions (ex<M?«s or deficiency) in quantity ; 
by conditions of digestibility, and by sp<»,cial characters of quality. 


♦ An evtcini|«>d tuhle h pxm In I>r Coxe’s exesUent edHxm ol *♦ VomWnt ntyniolegy of 

I*. 128 . 
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Sub-Section I. — Altebations in Quantity. 

1 . Exikm of Food , — In eome casee, Ibod is taken in such excess, that it is not 
absorbed ; it then undergoes chemical changes in the alimentary canal, and at 
last putrefies ; quantities of gas (carbonic and sulphuretted hydrogen) are 
formed. As much as 30 lbs. of a hall-putrid mass have been got rid of by 
purgativi^s.^ l>ysp(q>sia, constipation, and irritation, causing diarrhoea, which 
does not empty the bowels, aie produced. Sometimes some of the putrid 
substances are alisorbtd, as there are signs of evident poisoning of the blood, 
a febrile condition, torpor and heaviness, fcctor of the breath, and sometimes 
]K)ssibly even jaundice. It was, no doubt, cases of this kind which led to the 
routine practice of giving purgatives ; and as this condition, in a moderate de- 
grws is not luicoiumun, the use of purgatives will probably never be discontinued. 

The excess of foo<l may l)e absorbe<l. The amount of absoi’jition of the 
difierent alimentary principles is not jirecisely known. Hogs can digest an 
immense quantity of meat, and (‘s|KJcially if they are fed often ; and not simply 
kiigel}', once or twice a day. In men also, much meat and albuminous matter 
can be <ligesU‘d;t tliough it is by no imiiins uncoumiou, in large meat-eaters, 
to find much muscular fibre in the ficees. Still, enough can be taken, not 
mortdy to give a large exems of nitrogen, but even to sup})ly carbon in sufficient 
quantity for tlie wants of the systeiiL In one day, in Hammond s experiments, 
1933 grains of nitrogen, equal to 27*8 ounce.s of albumen, were ac‘tnally 
^bsorlx^d. 

There is certainly a limit to the digestion of sttircli, as aft<*r a very large meal 
much starch passes iinalteitMl. This is also the c<ise with fat ; and if large 
quantities are given, luueli passes by the bowels. But in all cases, habit 
probably much affects the degive of digi^stivc power ; and the continued use of 
certain articles of diet leads to an increased fonnation of the fluids which 
digest them. 

When excess of albuminates continually p^asses into the system, conges- 
tions and enlargements of the liver, and pr>lvably other organs, and a general 
state of j)lethora, are jiroduced. If exercise is not taken at the same time, there 
is a dispn»portion >K?twc^<?n the absorbed oxygen and the al)sorbed albuminates, 
which must lead to inq>t‘rlect oxidation, and therefore to retention in the 
body of some substances, or to irritation of the eliminating organs by the 
passage tlirough them of products less highly elaborated than those they are 
adaj)^ to remove. 

Although not completely proved, it is highly prolmble that gouty aflections 
arise pwirtly in this way, partly prol«ilily from the use of liquids which delay 
metamor|>hosis, and theaTore le^id to tlu^ same result as increased indigestion, 
and in some degree from the um^ of indigestible articles of fexxi. 

Very often large meat-eaters are not gouty, and do not ap|war in any way 
over-fe<L In this case, cither a great amount of exercist* is taken, or, as is 
often the case in these persons, the meat is n^t absorbed, owing frequently to 
imjxjrfect mastication. 

A great excess of albuminates wiUiout other food produces in a short time 
(five days — Hammond) marked febrile symptoms, malaise, and diarrhoea ; and 
if persevered in, albumen appears in the urine. 

" A KtKW vwm w W4IW Kiuu Ml rvofiiTifMii nj jnoai>n trwrai rvruicuMiui'u, p, tvf. wuinuv'' 

tn Auitratia rooeived from 71 U> 7|lb of food daily. OUsttiaato constimtion, dyspepsia, diairhosa. 
skin diseases, and ophthalntm were prodnoe<l. Puigatives broognt away large quantities of 
balf-putrid masses. 

f Jou«a*s, and espedally Mammemd^s experiments, ** Experimental Beseardies,** 1357, p. 
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Exeess of Btarches and of f&ts delays the metamorphosis of the xutrogenous 
tissues, and {produces excess of fat. Sometimes acidity and ilatulenoe are 
caused by the use of much starch. It is not understood if profounder diseases 
follow tiie excessive use of starches unless decided corjiulonce is produced, 
when the muscular tibres of the heart and of many voluntary muscles lessen 
in sixe, and the consequences of enfeebleil heart's action are produced. When 
an excessive quantity of starch is used to replace albuminates, in physiological 
ex])eriment8, the condition becomes of course a complex one. 

If an excess of starch be taken under any cirtumstances, much i>asses into 
tl^e faeces, and the urine often becomes saccluirinc. 

There may be also excess of foot! in a given tiniti ; that is, meals too fre- 
quently re{)eated, though the absolute quantity in twenty-four hours may not 
be too great 

2. of F(mL — The long catalogue of cflects prcHliiced by famine 

is but too well known, juid it is unnecessary to rejM^it it Hut the elfecls 
produced by deficiency in any one of the four givat <;)asH(*s of aliments, the 
other classes Ijeing in nonnal amount, have not yet Ixicn jHirfettily studh^d. 

The complete deprivation of albuminaU^s, without lessening of the other 
classes, begins t(» protluce marked effects in fn)in four to five days. Thcire is great 
loss of muscular strength, ofUm mental del»ility, sonu* feverish ami dysjHqitic 
sym j»toras, Tlieii follow anaunia and great ])rostnttion. The eliwiiuation of 
nitrogen in the form of umi greatly le.ssi'ns, while the uric a<*id diminishes in 
a less degree. If starch 1 h^ largely supplied, the weiglit of the btsly d<ie« not 
l(.!ssen for seven or eight days (llamiuoml). 

If the deprivathui of alhumiiiates 1 h» less complete (70 to 10 grains of 
nitrfigeii l>eing given <laily), the lH»dy Jesmuis in activity and j)asm,»s inU» mon^ 
or less of an adynamic <’omlititm, which pnHlis|M>Hes to the attacks of all the 
s|HHnfic diseiist'i? (esiHJCudly (»f nialari<ms affections and ty]»lnis), and of pneu- 
monia, and nKHlifit's the course of some, of theH<‘ diseiises, as, for instance, of 
typhoid, wdiich runs its <;ours<i with less el(*vution of iempe.mturt» than usual, 
and with less or with no cxccrh of ureal excitation. 

The deprivation of starches can Isi Ijorno for a long time if fat Ik* given, Imt 
if both fat an<l standi jvn* exchuhtl, thfungh alhuiuinaU'S Ik* supplitsl, illness is 
produced in a few days. Nor is it diflicult to ex]>liun this, us ullmnien f!ou- 
tains 53*5 jKjr cent, of carlsm and 15*5 jht cent, of nitrogen to supply 3500 
grains of carlK>n, no loss than 1014 grains of nitrogen must Iw intn;Hluced, a 
quantity thnt*, times as great as the sysUun itui etisily assimilate*, itnh*sH 
enormous exertion he taken, and then the <piantity of carlx^n Injcomes in- 
sutficient. 

Men can lie fi^d on meat for a long time, as a go(>d deal of fat is then intro- 
duced, and if the meat be fresli (and mwl) scurvy is not readily induml. 

The deprivation of fat does not ap|K!sar to Ik; well Is^rne, even if starcdies Ik; 
given ; but the exact effects an; not I Iwlieve known. The; grfjat remedial effects 
produced by^ving fat in many of the dimi#w;.s of obscim* ran) nutrition, prove 
that the jiartial depriv^ation of fat is both more common and nam; serious than 
is suppo^. The deprivation of the salts is also evidently aikuidixl with 
marked results which ait; worthy of more atU*nti(rti tlian they Iwive yet 
receivoA There seems gixxi reason to think that pro|K;r cidl growth Te<|uire8 a 
li^ral supply of phosphate of lime, and that g<K>d bone growth cannot go on 
without lime and magnesia. The marvellous eff(?cts of iron in amemia are cer- 
tainly best explained by looking on the treatment as simply a dieh^tic one, a 
sul^nce iKiing supplied which had previously lHK?n wanting in the food, or 
which had firmi some cause or other pmmeA more rapidly out of the system 
than it could he re{)laced Iqr the ffiocL But the deprivation of the organic 
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saltA forming carl)onaU^« of alkalies in the system produces the most singular 
result if, as commonly supposed, the peculiar mal-nutrition of tissues (for the 
blood is l&m affcscted), wWch we call scurvy, is to he attributed to their defi- 
ciency. And as scurvy is not prevented by the simple cai’bonates of th(5 
alkalies, it must l)e 8Upi>osed that it is citric, lactic, aiul other acids of tliat 
kind which are re<|uired, and that scurvy is not so much a deficiency of alkali 
in the system as a want of organic acids and alkalies togfjther. 

Bad effbc^ts are also produced if the intervals Ix^twecui mcjat are too long ; 
this is a matter in which there is great individual difl'erence, and need not be 
farther referred to. 

Sub-Section II. — Conditions or Digestibility and Assimilation. 

A great nurnlKjr of diseases arc productnl, not by alk^mtions in quantity, or 
by imperffM^tious in quality of the mw fcKKl, Init by r-onditions of indigesii* 
bility, either dependent on physical or ehemi<;al conditions of the fciod itsfdf, 
or of the digcistive fluidK. To some, persons certain foods aiv* indigestible at 
all tiinea, or at ymrticular times, linligesti bility leads to retention, and then 
tc) the results of n*teiition, viz., chemir^il changes and putrefaction going on in 
the stoimudi and bow(^ls und(‘r the infiimnce of warmth, moisture, and air. 
Then irritation is produced, and dysjM‘psia, iliarrlm a, or dysenten", art» caused. 

liidigestibiliiy ext4mdH, however, farther tlian this. Thenj is some reason for 
thinking that the alhutuinab\s sometimes jkiss ink» the cii-culation less j»n>* 
]^^r\y pn'jnmMl than usual to undergo the action of tlie liver, and that they 
therofon* produce irritation of that organ, and passing into the blood in Sfune 
luiassimilable state, pr<Kluce irritation of th<‘ skin or kidiuys. Sometimes, 
ind(H*d, albumen appeam in the urine, as if it had circulatM like, a foreign 
body in the blood. Siudi comliiions are umiully allicMl to some evident error 
in primary dig(\stion, but oceiisionally an*, md obviously acwuujmiiied by any 
gastric. disr>rder. Whether there is any similar inqH.Tfectiou in the dige^stion 
<»f standi or fat is not at [in^seut known. 

8ub-8e(TK)N III. — Conditions of Quality. 

Alkrcd quality of what is otherwise^ PmmI bswi, are tlie causes of a great 
numlxjr of dis<.‘ases. Most (d tlu‘se are, rtdVrriHl U> under the headings of the 
different artiedes of fcKsl, and the subject is inendy intnxluetxl here t<j com- 
plete the general sketch of the j)r<Mluclu)n of disawe from foml. 

In inquiring, then, int^i.the effects of IVkhI, the following app(jars to bo the 
best ortler of proco<lure : — 

1. I« the fcKKl excessive f»r deficient in (juantity as a wdiole, or in any of 

the primary classes of aliments! 

2. Ari3 the different artiedes digi^tiblo and assimilable, or from some 

cause inherent in the food or proper the individual, is there diffi- 
culty in primary digtwtion or want of proper aHsimilatioii ! 

3. Is the quality of the fo<Kl alkrod either l>efoni or after cooking! 



CHAPTER VI. 


QUALITY, CHOICE, AND COOKING Of FOOD, AND DISEASES 
ATTRIBUTABLE TO IMI^ROPER QUALITY. 

SECTION L 
MEAT. 

The advantages of meat as a diet are — its large amount of nitrogenous 
substance, the union of this with much fat, the presence of important 
salts (viz., chloride of potassium, phosphate of potash, carbonate of potash, 
or a salt-forming carlwonate in incineration), and iron. It is also easily 
cooked, and is very digestible ; it is probably more (iasily assimilaUi^i than 
any vegetable, and there is a much more rapid metamorphosis of tissue in 
carnivorous animals tlian in vegetable feeders. Whether the u.se of larg«' 
quantities of meat increases the IxKlily strength or the mental faculties more 
tlian other kinds of nitrogenous food, is uncertain, llie groat disadvantage 
of meat is the want of starch. 

The composition of meat has Iwion already given ; but the annexed table 
will supply further details : — 

Compoeitim of Frvith Ikrf (Moleicc/iott — of ail the Cimtimnkd 


Walter, , . .73*4 

Soluble albumen ami Ineraatin, 2-25 

Insoluble albuminous substaiici^, . 15.2 

iielatinous substances, . 3'3 

Fat,* 2.87 

Extractive matters, . .1-38 

Kreatin, ...... 0*068 

Ash, 1-6 


The comjKisition of the ash has alniady been given (|>iige 143). 

It is worthy, however, of nunark, that .Stblzelf found 8*9 iK*r cent, of car 
bonic acid in 100 of ash, which indicates proljahly lactic acid. Are the 
antiscorbutic properties of frt^ah and raw (?) meat connectetl with this acid, 
and is it destroyed by cooking ? More than one-third of the ash is composed 
of phosphoric acid. It is alkaline. 

Beei^ mutton, and |>ork form the chief meats eakn by the soldier. 

In time of peace, he only receives fresh meat, 1r>eef ami mutton, and more 
seldom pork ; in time of war, he lias salt l)eef and salt pork. The meat is 
supplied hj contractors, or is, at some stations, fumishe«] by tlie cominissaiiat, 
who have their own slaughter-houses. 

The medical officer may be called on to see the animals during life, or to 
examine the meat 

• The ftfttonni ol fat In thM analyiii« certainly low. 
t Ueh'ig'iv Aitnaloti, 1 mmi 4. 77, p. 256. 
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Sub-8botion I, — Inspection op Animals. 

Animak should be inspected twenty-four hours before being killed/ In 
this country killing is done twenty-four or forty-eight hours before the meat 
is issued ; in the tropics only Urn or twelve hours previously. 

Animals should be well grown, well nourished, and neither too young nor 
too old. The flesh of young animals is less rich in salts, fat, and syntonine, 
and also loses much weight (40 to 70 per cent.) in cooking. 

Weight — An ox should weigh not less than 6001b, and will range from 
this to 1200E». Tlie French rules fix the minimum at 250 kilogrammes 
( = 5501b av.) Tlie mean weight in France is 350 kilogrammes ( = 7701b av.). 

A cow may weigh a few pounds less ; a good fat cow will weigh from 700 to 
7401b. A heifer should weigh 350 to 4001b. Tlie French rules fix the 
minimum of tlie cow’s w^eight at 1 60 kilogrammes ( = 352tt)). The mean 
weight of cows in France is 230 kilogramme.^ ( fiOGIb). 

There are several methods of determining tlie %veiglit ; the one most com- 
monly us(h1 in this country is to measure the length of the trunk from just in 
front of the scapulie to the. root of the tail, and the girth or circumference just 
behind the scapula? ; then multiply girth by 0*08, and the product by the 
length, the dimensions in cubic feet am obtained ; each cubic foot is supposed 
to weigh 421b avoirdupois. The formula is (( ' x 08) x L x 42. An ox or cow 
gives about 60 j^er cent, of meat, exclusive of the head, feet, liver, lungs, and 
spleen, Ac.t 

A full-grown sheep will weigh from 60 to 90Ib, but the difierence in 
different breeds is very great. It also yitdds about 60 per cent, of available 
food. 

A full-grown pig weighs from 100 to 1801b or more, and j-ields alxiut 75 ti* 
80 per cent, of available frsid. 

Age. — llie age of the ox amf rote should 1 h; from three to eight years ; the 
age is told chiefly by the bH'th, and less perlWtly by the horns. The tem- 
porary t<x?th are in j>art tluxiugh at birth, and all the incisors are through in 
twenty days ; the iirst, s^*cond, and third pairs of temporary molars are through 
in thirty (lays ; the teeth am grown large enough to U»uch each other by the 
sixth month ; they gradually wear and fall in eighteen month.s ; the fourth 
permanent molars am through at tlie fourth month ; the fifth at the fifteenth ; 
the sixth at two years. The tenifiorary teeth liegin to fall at twenty-one months, 
and are entirely replac^si by tlie thirty-ninth to the forty-fifth month ; the order 
being — central jiair of incisors gone at twenty-one months ; second pair of 
incisors at twenty-seven inouth.s ; first and second temporary molai-s at thirty 
months ; third tem|)orary molars at thirty months to three years ; third and 
fourth temjKimry inci«(»rs at thirty-three iiutuths three years. The develop- 
ment is quiU? aunplete at from five to six yearn. At that time the border of the 
incisors has lieen w'oni away a little below the level of the grinders. At six 
years, the first grinders are beginning to wear, and are on a level with the 
incisors. At eight ymm, the wear of the first grinders is very’^ apparent. At 
ten or eleven years, the used surfaces of the teetli bc?gin to l>ear a s<[uare mark 
surroundiHi with a white line ; and Uiis is pronounced on all the toth by the 
twelfth year ; between the twelfth, and fimrteenth year this mark takes a 
round form. — 


* Bvttiy eontmct «himkl have a riaase officen the power of inspection* 
t The animal is divided into earcasa and ot&l ; Uie fonuer iiiclodes the whole of the ak^aton 
(except the head and fee^ with the musdea, membranes, vessels, and fat, and the kldneya and 
fat annoniiding them. Ute oflkl indtidea the head, feet, skim and all internal org>>Be, except 
the kidneye , 
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The rings on the horns are less useful as guides. At ten or twelve months 
the first ring appears ; at twenty months to two years the second ; at thirty to 
thirty-six months the third ring ; at forty to forty-six months the fourth ring ; 
at fifty-four to sixty months the fifth ring, and so on. But, at the fifth year, 
the three first rings are indistinguishable, and at the eighth year all the rings. 
Besides, the dealers file the horns. 

In the sheep, the temporary teeth begin to appear in the first week, and fill 
the mouth at three months ; they are gradually worn and fall about fifteen or 
eighteen months. The fourth permanent grinders appear at three months, 
and the fifth pair at twenty to twenty-seven months. A common rule is 
** two broad teeth every year.” The wear of the teeth begins to be marked 
about six years. 

The age of the pig is knouoi up to three years by the teeth ; after that there 
is no certainty. The temporary teeth are complete in three or four months ; 
about the sixth month,* thti i)remolar8, betw^een the tusks and the first pair of 
molars, appear; in six to ten months the tusks and posterior incisors are 
replaced ; in twelve months to two years the other incisors ; the fourth per- 
manent molars appear at six months ; the fifth pair at tc5n months ; and the 
sixth and last molars at eighteen months. 

Condition and Health. — There ought to l>e a proper amount of fat, which 
is best felt on the false ribs and the tul)ero8itie8 of the ischium, and the line 
of the belly ftom the sternum to the pelvis ; the flesh should be tolerably 
firm and elastic ; the skin should be supple. 

As showing health, we should look to the general ease of movements, the 
i{uick bright eyes, the nasal mucous membrane red, moist, and healthy-look- 
ing ; the tongue not hanging ; the respiration reguhir, easy ; the expired air 
without odour ; the circulation tranquil ; the excreta natural in appciarance. 

When sick, the coat is rough or standing ; the nostrils dry, or covered with 
foam ; the eyes heavy ; the tongue protrudecl ; the respiration difficult ; move- 
ments slow and difficult ; there may be diarrhoea ; or scanty or bloody urine, 
&c. In the cow the teats are hot. 

The diseases of cattle which the medical officer should watch for are — 

1. Epidemic Pleuro-pmummda (a lung disease). — Not easily recognised 

at first, but with marked lung symptoms after a few days. 

2. Foot-and- Mouth Dlaeam (niurrain, aphtha or eczema, epizootica). — At 

once recognised by the examination of the mouth, feet, and teats. 

3. Typhoid Fever (typhus contagiosus. Steppe disease, Kinderfoot). — 

Jtecognised by the great iineasiness, fever, abdominal pain, anti 
scouring, and nervous twitchings. 

4. Anthrax (malignant pustule, carbuncular fever). — If boils and car- 

buncles form, they are at once recognised ; if there is orysij)elas, it 
is called black-quarter, quarter-ill or blackleg (erysipelas carbun- 
culosum). 

5. Simple inflammatory affections of the lungs, broncliitis, and simple 

pneumonia. All have obvious symptoms. 

G. Dropsical affections from kidney or heart disease. 

7. Indigestion, often combined with apoplectic symptoms. 

A great number of other diseases attack cattle, which it is not necessary to 
enumerate. All the above are tolerably efisily recognised. The presence of 
Toenia mediocanellata cannot, to my knowledge, be detected before death. 

The diseases of sheep are similar to those of cattle ; they suffer also in 
certain cases from splenic apoplexy or “braxy,” which is considered by 
Professor Gamgee to be a kind of anthrax, and is said to kill 60 per cent of all 
sheep that die in Scotland ; the animals have a ‘‘ peculiar look, staggering 
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gait, blood-shot eyes, rapid breathing, full and frequent pulse, scanty secre- 
tions, and great heat of the body.* 

The smSlpox in sheep (variola ovina, clavelee of the French) is easily 
known by the flea-bitten appearance of the skin in the early stage, and by the 
rapid app^jaranco of nodules or papulae and vesicles. 

The sheep is also subject to black-quarter (erysipelas carbunculosum) ; one 
limb is afiected ; and the limp of the animal, the fever, and the rapid swelling 
of the limb, are sufficient diagnostic marks. 

Tlie sheep, of course, may sufler from acute lung affection, scouring, red 
water (haematuria), and many other diseases. Of the chronic lung affections, 
one of the most important is the so-called “ phthisis,” which is produced by 
the ova of the Strongyhf^ filaria, ITiis entozoon, has not, I believe, been yet 
found in the muscles, and the moat is said to be good. The rot in sheep 
(fluke disease), is caused by the presence of th(} DUtorna Itepaficum in large 
numbers in the liver, and sometimes by other parasites. The princi^ 
symptoms arc^ dullness, sluggishness, followed >)y rapid wiisting, and pallor of 
the mucous membrane, diarrhoea, yellowness of the eycjs, falling of the hair, 
and dropsical swellings occur. Tlie animal is supposed to take in the Cer- 
caria (the embryotic stage of the distoiua) from the herbage. The so-called 
“ gid,” ‘‘ sturdy,” or “ turnsick,” is caused by the development of the Camurm 
CGrehralis in the brain. 

The pig is also athicked by anthrax in different forms ; by typhoid, and by 
hog cholera, which may perliaps be fi rapid foim of typhoid. The swelling in 
the first case, and the scouring, fever, and prostration in the second, are 
sufficient diagnostic marks. In 18G4, a severe fever of this kind, with or 
without scouring, prevailed among the pigs in London. 

The so-call(id ineosle of tlie pig is caused by the presence in the muscle of 
the Cysilcercus eelluloms. It is detected in the following way : — ^Tlie 
“ measle trier” throws the pig on its back, draws out and wipes the tongue, 
and looks and feels for the sublingual vesicles containing the (.'ysticerci. Some- 
times a bit is cut out of the muscle undt*r the tongue, and the Cysticerci are 
microscopically examined. A small harpoon can be used for this purpose, 
and gives little pain. The presence of the Trichina Hpiralis (a disease to 
which no name is yet given) is indetectable before death, unless it be also 
found in the muscles under the tongue. 


Sub-Sectton TI. — Inspection of Dead Meat. 

Fresh Meat 

Meat should be inspected, in temperate climates, twenty-four hours after 
being killed ; in the tropics, earlier. 

The following points must be attended to : — 

{a) Quantity of Bone , — In lean animals, the$,bone is relatively in too great 
proportion ; taking the whole animal, 20 pi^r cent, should be allowed. 

{h) Quantity and Clmraeter of Fat — It should be sufficient, yet not 

excessive, else the relative proportion of albuminous fooil is too low ; it should 
be firm, healthy looking, not too yellpw; without haemorrhage at any point. 
The kind of feeding has an effect on the colour of the fat ; some oil cakes 
give a marked yellow colour. 

Professor Gamgee states that pigs fed on flesh have a peculiarly soft 


Fifth Report of the Medical Officer to the Privy Council, p. 222. 
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diffluent fat^ and emit a strong odour from their bodies. Tlie same authority 
tells us that the butchers wiU rub melted fat over the carcass of thin and 
diseased animals, to give the glossy look of health. 

(c) Condition of the Flesh, — The muscles should be firm, and yet elastic ; 
not tough ; the pde moist muscle marks the young animal ; the dark-coloured 
the old one ; the muscular fasciculi are larger and coarser in bulls than oxen. 
There should be no lividity, or marbling, on cutting across some of the 
muscles ; the interior of the muscle shoultl be of the same characters, or a 
little paler ; there should be no softening, mucilaginous fluid, or pus, in the 
intermuscular cellular tissue. This is an important point, which should be 
closely looked to. The intermuscular cellular tissue becomes soft, and tears 
easily when stretched in commencing putrefaction. 

The presence of Cysticerci or TrichinaB in tlie pig, and of the former in the 
cow and ox (giving rise to Tmnia msdioai’nellata)^ must be carefully looked for. 
They are easily detected by the naked eye as small round specks ; and the 
microscope (twenty to fifty diameters) at once shows their real nature. The 
psoas mtiscle should be especially exiunined. When the Cysticerci are in great 
numbers, the flesh crackles on section. The Trichina^, when encapsuled, are 
seen by the naked eye as small white specks ; the wliite colour is chiefly 
owing to lime salts, and disappears when dilute hydrochloric acid is added. 
When not encapsuled, the microscope alone detects them ; a power of fifty 
diameters is sufficient. It is said that the part of the muscle near the tendon 
is most likely to have them in greatest iumib(*rs. 

Professor Gamgee states that in Ireland, among 5127 pigs, 120 (2*2 per 
cent.) were measly. 

The degree of freshness of meat in commencing putrefaction, is judged of by 
the colour, which Ijecomes paler ; by the odour, which becomes at an early 
stage difierent from the not unplea^iant odour of fn^sh meat, and by the con- 
sistence. Afterwartls, the signs are marked ; the odour is disagreeable, end 
the colour begins to turn greenisli. It is a good plan to push a clean knife 
into the flesh up to its hilt. In good meat the resistance is uniform ; in 
putrefying meat, some parts are softer than othem. The. smell of the knife is 
also a good test. In judging pork, the butchers press their fingers on or 
under the bones, and smell them. 

(d) Condition of the Marnm. — In temperate climates, the rnanw of the 
hind legs is solid, twenty-four houi’s afte killing ; it is of a light, rosy red. If 
it is soft, brownish, or with black points, the animal has been sick, or putre- 
faction is commencing. The marrow of the fore-legs is more diffluent ; 
something like honey — of a light rosy red. 

(e) Condition of Lungs and Liver, — Both should be looked at, to detect 
the Strong ylus filar ia in the lungs ; the Distoma in the liver ; also for the 
presence of multiple abscesses. 

But the meat cannot be fully judged of till it has been cooked, so as to see 
how much it loses in roasting or boUing ; whether the fibres cook hard, &c. 

In countries where there are goats, the attached foot of the sheep should be 
sent in for identification. 

Decomposing sausages are difficult of detection until the smell alters. 
Artmann recommends mixing the sausage with a good deal of water, boiling 
and adding freshly prepared lime-water. Good sausages give only a faint, not 
unpleasant, ammoniacal smell ; bad sausages give a very offensive, peculiar 
ammoniacal odour. 
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2. Salt Meat 

It is not at all easy to judge of salt meat, and the test of cooking must 
often be employed. The following points should be attended to : — 

(a.) The Halting has been well doney hit the parte inferior, — This is at once 
detected by taking out a good number of pieces ; those at the bottom of the 
cask should be looked at, as well as those at the top. 

(6.) The Baltiiuj well done, and the p^arts good, but the meat old , — Here the 
extreme hardness and toughness, and shrivelling of the meat must guide us. 
It would be desirable to have the year of salting placed on the cask of salt- 
beef or pork. 

(c.) The Halting well done, hut the meat Imd , — If the meat has partially 
putrefied, no salting will entirely remove its softness ; and even there may l)e 
putrefactive odour, or greenish colour. A slight amount of decomposition is 
arrested by the salt, and is probably indetectibhi. Cysticerci are not killed 
by salting, and can be detected. Measly pigs always salt bjuily. 

(d,) The salting badly done, either from haste or had brine , — In both cases, 
signs of putrefaction can be detected ; the meat is paler than it should be ; 
often slightly greenish in colour, and with a peculiar odour. 

It should be remembered that brine is sometimes poisonous ; this occurs in 
cases where the brine has been used several times ; a large quantity of animal 
substance fhsses into it and appears to decompose. The special poisonous 
agent has not been isolated. 


Sub-Section III. — Diseases arising from altered Quality of Meat. 

A very considerable quantity of meat from diseased animals is brought into 
the market. Professor Gauigee has estimated it at one-fifth, but the amount 
is uncertain. 

Instances are not at all uncommon in which j^ersons, after pailaking of 
butcher’s meat, have been attacked with serious gastro-iiitestinal sjunptoms 
(vomiting, diarrhoea, and even cramp), followtui in some cases by severe febrile 
symptoms ; the whole complex of s^unptoms somewhat resembles cholera at 
first, and afterguards typhoid fever. The meat has Iwen often analysed, for the 
purpose of detecting poison, but none has been found.* In the I’ecords of 
these ca8t?s, the kind of meat, tlie part used, and the origin from a diseased 
animal, are not stated, and, in some case^, it may be conjectured that the 
cooking, and not the meat, was in fault. Still, the instances are becoming 
numerous, abd are increasing every day, as attention is directed to tlie subject. 
We should conclude, from general principles, that as all diseases must aSfect 
the composition of flesh, and os the composition of our own bodies is inextri- 
cably blended with the composition of the substances we eat, it must be of 
the greatest importance for heiilth to have these substances as pure as possible. 
Animal poisons may indeed be neutralised or destroyed by the process of 
digestion, but the composition of muscle must exert an influence on the com- 
position of our own nitrogenous tissues which no preparation or digestion can 
remove. 

On looking through the literature of the subject, however, we find less evi- 
dence than might be exjiected. I cannot but believe this to be, in part, owing 
to imperfect observation, especially -when we tliink for how long a time the 
Trichina disease has been overlooked. I have ol)served also with interest 

• See Professor Gamgee’s paper in the Fifth Rejwrt of the Medical Officer to the Privy Council, 
287. He refers to cases noted by Mactagan, Taylor, Letheby, Dundas Thomson, and 
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that Baveral of the instances of innocuity of diseased meat, in different authors, 
are taken from Parent Duch&telet's works on Hygiene, from an author, in 
fiwst, whom it was difficult to convince that injury to health was produced 
by any cause. Tliore appear to be three divisions of tliis subject, which must 
not be confounded. 

1. The flesh of healthy animals^ may produce Pommous Symptoms. — This 
is the case with certain kinds of fish, especially in the tropical seas. There 
is no evidence that the animal is diseased, and the flesh is not decomposed j it 
produces, however, violent symptoms of two kinds, — ^gastro-intestinal irrita- 
tion, and severe ataxic nervous symptoms, with great depression and algidity. 
The little herring {Clup)ea harengo minor)^ the silver-fish {Zeus galfus), the 
pilchard, the white flat fish, and several otliers, have been known to have these 
effects,* In some cases, though not in all, the poison is developed during the 
breeding time, Oystei's (even when in season) and mussels have been known 
to produce similar symptoms, without any d(icomi)osition. The production of 
dyspepsia and nettlorash in some i)ersons from eating shell-fish need scarcely 
be mentioned. 

Aniong the Mammalia the flesh of the pig sometimes causes diarrhoea, — a 
fact I have had occasion to observe in a regiment in India, and which has 
been often noticed by others. The flesh is j^robably aflected by the un- 
wholesome garbage on which the pig feeds. Sometimes ]>ork, n# obviously 
diseased, has produced choleraic symptoms, t In none of these cases has the 
poison been isolated. 

2. The flesh of healthy animnlsy ichen decomposing^ is cmtcn sometimes 
without danger; but it occasionally gives rise to gastro-intcstinal disorder, 
— ^vomiting, diarrhoea, and great depression ; in some cases severe febrile 
symptoms occur which are like tyj)lius, on account of the grt^at cerebral 
complication. Cooking does not aj)pear entirely to chock the (lecomposition. 

It appears to be, in some cases, the acid fluids of cooked meat which pro- 
mote this alteration. 

Sausages and pork-pica sometimes become poisonous from the formation 
of an as yet unknown substance, w^hich is })erluii)s of a fatty nature. It is 
not Trimethylamine, Ainylainine, or Phenylamine — these are not poisonous 
(Schlo8sberger).J The symptoms are severe intestilial irritation, followed 
rapidly by nervous oppression and collapse. Neither salts nor spices liindor 
the production of this poison. 

Oysters and shell-fish, when decomposing, produce also marked symptoms 
of the same kind. Ilotten fish are used, however, by the Burimjso, Siamese, 
and Chinese as a sort of condiment, Tvithout bad elfocts. 

3. The flesh of diseased animals^ not decomposing^ cause.s in many coses 
injurious eflects. A good deal of difference of opinion, however, exists on 
this point, and it would seem that a more careful inquiry is nece^ssar}". The 
probability is, that when attention is directed to the subject, the eflects of dis- 
eased meat will be found to be more considemble than at present lielieved. 
At the same time, we must not go beyond the facts as they are at present 
known to us. 

(a.) Accidents. — The flesh of animals killed on account of accidents may Iw 
eaten without injury. 


* A list of more than forty Ashes, which arc occasionally poisonous, is ffiveii by Pappenheim. 
•-HanM. der ^nitaia-Pdl. band i, p. 896. 

t Kesteven cites a good case, in which twelve persons were affected.— if erf. Tiitm md 
OazeUe, March 5, 1864. 

X It is generally thought that the test of the human body is the only plan of detecting this 
poison, but a test is given by Artxnann which can be used (see jsige 160). 



DISEASES PEODUCED BY MEAT. 


163 


{h,) The flesh of over-driven animals is said by Professor Gamgee to con- 
tain a poison which often produces eczema on the skin of those who handle 
it ; and eating the flesh is said to ** have been attended with bad effects.” 

(c.) Early stage of Acute Inflammatory Disease . — ^The meat is not apparently 
altered, and it is said that some of the piimest meat in the London market is 
taken from beasts in this condition \ it is not known to be injurious, but it 
has been recommended that the blood should be allowed entirely to flow 
out of the body, and should not be used in any way. 

id.) Chronic wasting (Iweasm — Phthms^ Dropsy ^ — The flesh is pale, 
cooks badly, and gives rise to sickness and diarrhoea. It also soon begins to 
<lecorapo8e, and then causes very severe gastro-intestinal derangement. 

fc.) Chronic Nervous Fevers. — Same as above. 

(/.) Epidemic Pleuro-jmeumonia of Cattle, — A good deal of doubt exists 
on the effect of this disease on the mmt. It would set^m hardly possible that 
the flesh should not be seriously alteied in composition by so severe a disease, 
but it seems certain that a large quantity of such meat is daily consumed 
without apparent injury. I have been informed by two most excellent autho- 
rities that the Kaffirs ate their cattle when destroyed by the epidemic lung 
disease which prevailed at the Cape some yetirs tigo, without injury. Both 
my infonnants — Staft-surgeon Nicholson and Assistant-surgeon Fraidc — ^made 
vciiy carefuliinquiries on tliis point. Dr Livingstonci, however, states that the 
use of such flesh produces carbuncle. 

(//.) Anthrax and Malignant Pmtnle, — Many of the older authors (Ramaz- 
zini, LancLsi, quoted by Levy), mention facts tending to prove the danger of 
using the flesh of animals affected with malignant pustule. Chaussier also 
affirmed the same thing, but suhsi^quently laodilied his opinion considerably. 
Tlio apparent incr(?aso in the number of cases of nmlignant pustule in men 
l)een ascribed to eating the flesh of animals with tliis disease, but it is quite 
as likely that inoculation may have taken phice in other ways. 

The evidence laid before the Belgian Academy of Medicine led them to 
l)elieve the flesh of Ciittle aflected with carbunculai* fevers to be injurious, and 
it is not allowed to be sold. 

It lias l>een supixised that the outbreaks of boils, wlrich have certainly 
become more pi’cvalent of late years, are produced by meat of this kind, but 
the evidence is very imperfect. 

Menschel* has also lately nicorded a case in which 24 i>ersons wore 
seized wdth malignant pustuhi, the majority after eating the fle^h of beasts 
suflering from the disease, the othem from direct iummlation. Those 
who ate the flesh were attacked in three to ten days ; those who were 
inoculated, in three to six days. In those wffio ate the flesh the carbuncle 
appeared in two aises on the upper arm, in three on the foreann, in nine on 
the flice and head. The gangrenous degeneration rai)idly extended. Five died 
of the 24 cases. One woman ati^ flesh and broth ; another ate the some flesh 
but threw away the brotli. The flrst was attacked — ^the second had only 
diarrhoea. This appears to be the most satisfactory case on record. It is 
also stated that pigs fed on the flesh got the disease, and that a woman who 
ate some of the diseased pork was also attacked. 

On the other hand, several old authors, and lately Neffel,t asserts that the 
Kirghises constantly eat horses and cattle (either killed or dying spontane- 
ously) affected with malignant pustule without injury. 

Parent Duchdtelet (t. ii. p. 196) quotes a case fix>m Hamel (1737), in 


* Preuss. Med. Zeit. 4th June 1862, and Oanstatt’s JaUreRb. p. 162, band iv. p. 257. 

t (^ansttttt’s Jahreab. for 1860, band ii. p. 187. 
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whiok a bull infected three persons who aided in killing it^ and a surgeon 
who opened one of the tumours of a person affected; yet of more than 
100 persons who ate the flesh roasted and boiled no one experienced the 
slightest inconvenience, and Parent states that many other cases are known in 
literature. 

Parent Duch^telet and Levy (t. ii p. 661) qupte from Morand (1766) an 
instance in which two bulls communicated malignant pustule to two butchers 
by inoculation, yet the flesh of the animals was eaten at the “ Invalides'* 
without injury. But both these instances are of old date. Pappenheim 
{Handh, der 8anitafs-Foh band i. p. 587) states (without giving special 
instances) that there are many cases in wliich no bad effect resulted fix)m the 
cooked flesh of charbon — that the peasants of Posen oat such meat with per- 
fect indifference, and believe it is harmless when boilecL 

With regard especially to the erysipelas carbunculosus, or black-quarter, as 
distinguished from malignant pustule (if it is to be so distingui^ed), Professor 
Gamgee (Fifth Eeport of Medical Officer to the Privy Council, p. 290) refers 
to cases of poisoning, and two deaths mentioned to him by Dr Keith of 
Aberdeen, caused by eating an animal affected with black-quarter. He 
also notices an instance which occurred “ a number of years ago in Dum- 
friesshire,” when 17 persons were more or less affected, and at least one 
died, and states tliat a number of cases have been related to him d)y different 
observers. 

The discrepancy of e\ddence is so great as to lead to the conclusion 
that the stage of the disease, or the 2 )art eaten, or the mode of cooking, 
must have great influence, and that a much more careful study than has yet 
been given to this subject is necessary to clear up these great variations of 
statement. 

(A.) Sphnk Apoithxy or Braxy of Slirep , — Professor Simond* states that 
pigs and dogs died in a few hours after eating the flesh of sheep dead of 
braxy. Professor Gamgee (Pri \7 Council Rejwrt, 1863, p. 280) affirms the 
wme thing. On the other hand, the ex 2 >eriments of Alfort (Levy, t. ii p. 664,) 
have shown that pigs, dogs, and fowls are not incommoded by this poison, 
which yet acts violently when swallowed by sheep, goats, or horses. 

(i) Smallpox of Slieep . — ^The flesh has a ]>eculiar nauseous smell, and 
is pale and moist. It produces sickness and diarrhoea, and sometimes febrile 
symptoms. 

(j.) Foot-and-Mouth Dismsp. {Aplitlm epizootim ). — Levyt states that at 
different times (1834, 1835, 1839,) the aphthous disease has prevailed among 
cattle both at Paris and Lyons, without the sale of the moat being inter- 
rupted, or giving rise to bad results. 

{h) Typhtis of Cattle {Typhoi/l or Internal Fever), — A priori^ such flesh 
would be considered highly dangerous, and the lielgian Academy of Medicine 
so consider it ; but there is some strong evidence on the other side. In Stras- 
bourg and in Paris, in 1814, many of the beasts eaten in those cities for 
several months had typhoid fever, and yet no ill consequences were traced. 
But it may be questioned whether they were looked for in that careful 
way they would be at the present day.J Some other evidence is 
stronger; Eenault, the director of the Veterinary School at Alfort, made 
for several years after 1828 many experiments, and asserts that there is 


* ^cultural Journal, No. 60, p. 232. f Traits 1867, t. xi. p. 668. 

t The worde of CJoze (P^nt Duch&telet, t. xi. p. 201), are, however, very strong. At Btmii* 
^urg he says—** Un millier de bceufs de grende taille, malades pour la plupi^ an plus haut 
d6gr6, puw|u’un assez grande nombre ont et4 4gorg6s an moment on ils aueiimt expirer, a 
consomme, pendant ct api’hs le blocus, et cet aliment n*R prodait aiieune maladih. 
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no danger from the cooked flesh of cattle, pigs, or sheep dead of any con- 
tagions disease (“ Qu’elle que soit la repugnance bien naturelle que puissent 
inspirer ces produits.”* 

Babies in the dog and cow produce no bad effects.t 

(m.) The Cydkercue celluloinis of the pig pi*oduces Ttenia solium^ and that 
of the ox and cow the Tomia medlocaimllata. These worms often arise from 
eating the raw meat, but neither cooking nor salting are quite preservative, 
though they may lessen the danger. Smoking appears to kill the Cysticerci, 
and 80 , according to Delpech, does a temperature of 212® Fahr. 

(^^.) The Trichina spiralis in the pig gives rise to the curious Trichina 
dis^e caused by the wanderings of the young Trichinae. Tlie affection is 
highly febrile, resembling typhoid or even typhus, or acute tuWculosis, 
but attended with excessive pains in the limbs, and oedema. J Boils are also 
sometimes caused. The eating of raw trichiniferous pork is the chief cause, 
and, as in the case of Cysticerci, the entozoon is not easily killed by cooking 
or salting. Great heat (212® Falir.), intense cold, and complete decomposition 
of the moat do not destroy it. Smoking, when thoroughly done, does destroy 
it (Leuckhanlt). 

(o.) The Echinococcus Disease , — It is well knoum that many |)erson8 will 
eat freely of, and even prefer, tlie liver of the sheej) full of flukes. I am not 
aware that in this country direct evidence luis been given of the production 
of Uver echinococcus from this cause — ^but in Iceland the echinococcus disease, 
wliich affects from one-sixth to one-eighth of the wliolo population, is derived 
from sheep and cattle, who in their turn get the disease from the Taenia 
of the dog (Beared and Krabbo). 

(jt).) Glanders and farcy in hoi*8es do not appear to produce any injurious 
effects on their flesh when eaten as food, l^arent Duchdtelet quotes two 
instances, in one of which 300 glandered horses were eaten without injury. — 
{Hyg, Puhh t. ii. p. 194. See also Levy, t. ii. pp. 661, 662.) 

{q.) Medicines, especially antimony, given to the animals in large quanti- 
ties, have sometimes produced vomiting and diarrha^a. Arsenic, also, 
is occasionally given, and the flesh may contain enough arsenic to be 
dangerous.§ 

In time of peace, the duty of the army surgeon is simple. Under the 
terms of the contract, all sick beasts are necessarily excluded. Without refer- 
ence, then, to any uncertain questions of Imrtfulness, or the reverse, he must 
object to the use of the flesli of such animals. Tliis is the safe and proper 
course. 

But, in time of war, he may be placed in the dilemma of aUomng such 
meat to be used, or of getting none at all. He should then allow the issue 
of the meat of all aninicds ill with inflammatory and contagious diseases, wath 
the exception of smallpox, and perhaps splenic apoplexy in sheep. But it. 
will be well to take the precautions — Isiy Of bleeding the animals as thoroughly 
as possible ; 2dy Of using only tlie muscles, and not the organs, as it is <piite 
possible those may be more injurious than the muscles, though there are no 
decided facts on this point ; and, 3d, Of seeing that tlie cooking is thoixnighly 
done. But animals with smallpox, Cysticerci, and Trichinae should not be 

♦ Payen, ** Des SuhstonccH Alimontaiivs,” pp. 30, 31. 

t Pomit Duchfttelet, t. ii. p. 197, cites a case of seven mad cows l)eing sold without injury 
to those who ate the flesh. 

t Aitken’s Practice of Medicine, vol. ii, p 130. See also Bopoi-ts on Hygiene by the writer in 
the Anny Medical Report for 1860, 1^1, and 1862. where references to most of the early cases 
will be found. 

§ Levy, ‘‘Traitid' Hygiene,’’ t. ii. p. 666 ; reference to exjwriinentN of Danger, Haudin ami 
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used. If dire necessity compels their use, then the employment of a great 
heat in a baker’s oven ; and smoking, if it can be used, may lessen the danger. 
If such things can be got, it would be well to try the effect on the meat of 
antiseptics, especially of the carbolic acid, which destroys low animal life^ 
with great certainty. 

Sub-Section IV. — Cooking of Meats. 

Bmling , — ^The loss of weight is about 25 to 30 i>or cent . ; sometimes as 
much as 40. If it is wished to retain as much as possible of the salts and 
soluble substances in the meat, the jnece should be left large, and should be 
plunged into boiling water for live minutes to coagulate the albumen. After 
tliis the heat can scarcely be too low ; — ^the syntouin coagulates at 135° Falir., 
the haBmatoglobulin at 158° to 162°, ])clow which temperature the meat 
will be underdone. If the temjMjmture keeps above 170°, the muscular 
tissue slirinks, and becomes hard aial indigestible. Liebig recomhieiids a 
temperature of 158° to 160° Most milittiry cooks employ too groat a heat; 
the meat is shrunken and hard. In boiling, sul]>h(>hydrate of ammonia is 
evolved, with odoriferous compounds, and an acid-like aci^tic acid. 

If it is desired to make good broth, the meat is cut small, mid put into 
cold water, and then wanned to 150°; lieef gives the W(*akest broth. In a 
pint, there are about 140 grains of organic matU^r, and 90 grains of salts. 
Mutton broth is a little stronger, and chicken broth strongest of all. About 
82 per cent, of the salts of beef pass into the broth, viz., all the chlorides, and 
most of the phosphates. 

Eroth made without heat, by the addition of four drops of hydrochloric 
acid to a pint of water, an<i a half pound of beef, is richer in soluble albumen. 
Lactic acid and cliloride of potassium adde<l togt^thcr have the Siime t^ffect. 
If rather more hydrochloric acid be used, but no salt, heat can appliml, 
and, if not liigher than 130° Faly., nearly 50 per cent, of the meat can be ob- 
tained in the brotli. 

Jloastimj . — Tlie loss varies from 20 to 30 per cent, in beef, it is rather less 
than in mutton (Oesterlen). This loss is chiefly water; tlie proj^oHion 
of carbon, hydrogen, nitrogen, and oxygen remaining the same (Playfair). 
Hoasting should be slowly done ; to retain the jiiictjs, the m(‘at must be first 
subjected to an intense heat, and afterwards cook(^<l very slowly ; the dry dis- 
tillation forms aromatic products, which are in part volatilised ; the fat is in 
part melted, and flows out with gelatine and altered extractive matters. The 
fat often, imjiroperly, Inicomcs the perquisite of the cook, and may be lost to 
the soldier. 

Stewing , — Tliis is virtually the same as roasting, only the moat is cut up, 
is continually moistened with its ovni juices, and is often mixed with 
vegetables. Like boiling and roasting, it should W done slowly at a low 
heat ; the loss is then about 20 per cent., and chiefly wat(jr. 

In all cases, there is one grand rule, viz., to co(»k the meat slowly, and with 
little heat, and, as far as possible, to let the loss be water only. The fault in 
military kitchens has^lxjen, that excessive heat is used. 1 have frequently 
seen the water boiling, and the men have told mo that, in order to I)oil Uio 
vegetables, and yet not overdo the meat, they are obliged to r( 5 ttiove the meat 
for a time from the water. The meat is then ofhui a sodden, tasteless mass, with 
hard, shrunken, and indigestible fibres. Iiaj[>pily, one of the improvements 
introduced by Lord Herbert was regular instruction of soldiers in cooking, 
and this is now being ^wjfully done. But merlical officers should interest 
themselves in this subject, which is of such importance for health, llio 
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thermometer will be found very useful, especially in showing cooks that the 
temperature is often much higher than they think. 

In cutting up meat, there is a loss of about 5 per cent., and there is also a 
loss from bone, so that, all deductions being made, the soldier does not get 
more than 5 or 6 ounces of cooked meat out of 12 ounces. In the cooking 
of salt mmt, the heat should be very slowly applied, and long continued ; it 
is said that the addition of a little vinegar softens the hard sarcolemna, and 
it is certain that vinegar is an agreeable condiment to take with salt meat, 
and is probably very useful. It may be of importance to remember this in 
time of war. 

It has lately been shown, that the large (juantity of flesh-extract contained 
in the brine can be obtained by dialysis. Place the fliltered brine in a bladder 
or vessel of the prepared dialysis-parchment, and place it in a large vessel with 
waUit ; the salt difluses out, leaving, in three or four days, the extmct behind; 
from two gallons of brine a fluid was obttiined, which, on evapomtion, yielded 
lib of extract (Whitelaw, Chemical News, March 1864). The liquid left 
in the dialyser may be mixed wdth flour, and then forms a nutritious meat- 
biscuit (Wliitelaw). Instead of jmre water in the outer vessel, salt water may 
be at first used. An air-bladder will do as a dialyser ii* the parchment cannot 
be obUined. Mr Wliitelaw (Chemical A7m*, May 1864) lias also suggested 
a jirocess for convtirting salt meat into fresh. Place the meat and some 
brine in a <lialyser (made of uiitanned skin, or any material which can be ob- 
tained), and insei*t in sea-water. The salt of the brine ])asse8 into the sea- 
water ; the salt of the meat into the brine ; and the meat tak(»s up from the 
brine some of the natural juice which has previously passed into the brine. 
It sw^ells, and becomes, in reality, fresh meat. If bags could be procured, 
this process would be very useTul at sea. 

8uivSeotion V. — Preservation of Meat. 

Meat may be kept for some time by simply heating the outside very 
strongly, so as to coagulate the dbuiuen ; or by placing it in a close vessel, 
in which sulphur is liuriit, or by covering the surface with charcoal, or strong 
acetic acid, or weak carbolic aciil. Injections of alum, and chloride of 
aluminum through the vessels, will preserve it for a long time ; water slionld 
l>e injected Hret, and then the solution. Even common salt injected in the 
same way will koci) it for some. time. So also will free exposure to pure air, 
charcoal throwm over it, and suspiaido<l also in the air ; or the meat being cut 
into smaller portions, and placed in a large vessel, heat should be apjdied, 
and, whihj hot, th(» mouth of the vtissel sliouM be closed tightly, with well 
washed and dried cotton wool ; the air is filteriHl, and partially freed from 
germs. 

Ilians of this kind may lie useful to medicjil officers under two circum- 
stances, viz., on board ship, and in sieges, when it is of importance to preserve 
every portion of food as long as possible. The covering the whole srirface 
with jwwdoi’ed charcoal is perhaj^s os convenient as any j)lan. 

Meat is also preserved in tin castjs, either simply by the complete exclusion 
of air (Apptirt^s process), or by partly excluding air, and destroying the oxygen 
of the nunaining part by suljihite of soda {^PCjiH’s process). It is not neces- 
sary to raise the heat so high in this case, and the meat is less sapid. Meat 
pi^ipared in either w'ay has, it is siud, given rise to (Uarrho3a, but tliis is 
simply from bad proj>aration ; when well manuiactured, it has not this effect. 
(8ee also chapter on Concentrated Food.) 
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SECTION 11. 

WHEAT. 

Advantageii m an AHicle of Diet — It is poor in water, and rich in solids, 
therefore, very nutritious in small bulk ; when the two outer coats are sepa- 
rated, the whole gram is digestible. The nitrogenous substances are large 
and varied, consisting of soluble albumen (1 to 2 i>er cent.), and gluten (8 to 
12 per cent.), which itself consists of 3 or 4 substances (mucin or vegetable 
casein, glutin, or gleadin or vegetable gelatine, which gives the adliesiveness 
and power of rising in fermentation, and vegetable fibrin.)* The starchy sub- 
stances (starch, dextrin, sugar) arc large, 60 to 70 per cent., and are easHy 
digested ; and, according to M^ge MouriAs, a nitrogenous substance (cerealin) 
is contained in the internal envelope, wliich, like diastase, acts energetically in 
transforming starch into dextrin, sugar, and lactic acid. Some consider this 
cerealin to be merely a form of diastase. The salts (see table, p. 143) are 
cliiefly phosphates of potash and magnesia. 

Disadvantages . — It is deficient in fat, and in vegetable salts which may 
form carbonates in the system. 

As usually prepared, the grain is separated into flour and bran ; the mean 
l)eing 80 parts of flour, 1 6 of bran, and 4 of loss. The flour is itself divided 
into best or sui^erfine, seconds or middlings, pollards or tliirds or bran flour. 
In different districts different names are used. The wluuits of commerce are 
named from colour or consistence (hard or soft), the bal’d wheat contains less 
water, less starch, and more gluten than the soft wheat. 


Sub-Section I. — Wheat Grains. 

Tlie medicid officer mil seldom be calleil on to examine wheat grains, but 
if so, the following points should l)e attended to. The grains should be well 
filleil out, of not too dark a colour ; the furrow should not lie tcK) rleep ; there 
should l>e no smell, no discoloration, and no evidence of insects or fungi. 
The heavier the weight the better. In the Belgian anny the minimum 
weight is 77 kilogrammes the hectolitre. t In England, good wheat weighs 
60ft) to the bushel ; light wheat 58, or even 50ft). The fungi, if present, 
will be found at the roots of the liairs, and if in small amount, are only 


♦ These are the sabstances found by Ritthausen and Von Bibra. Gunsbeig has given rather 
different results (*' Watt’s Diet, of Chemistry,” article OluteUf vol. ii.p. 875. The following 
table is taken from Von Bibra : — 


Compomium of OluUnfrmn (he finest Meal in 100 parts of OhUen (after Von Bilrra). 


Vegetable fibrin, 
Vegetable glutin. 
Vegetable casein, 
Fat, . 


1 

1 *• 

I »• 

4 


71*55 

1 69*40 

mum 


1600 

17*57 

16*92 

8-80 

6*53 

7-80 

1 6*33 

6*80 

6*92 

6*73 

6*27 


In ^toor wheat the vegetable fibrin is laiger, the gluten and casein are in much less amount : 
sometimes scarcely 

The fibrin contains 1*2 per cent, of 8. and 
„ 1 ». 

The glutin, „ 0’88 „ S. 

The casein, „ 0*68 „ 8. 

t Bquillier, Des Subsist. Mil. p. 8/. 
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microscopic. If in large amount they cause the diseases known by the name 
of rust, bunt or smut, or dust-brand ; they are owing to species of Uredo and 
Puccinia. (See Flour.*) If any grains are seen pierced with a hole, and on 
examination are found to be a mere shell, with all the starch gone, this is 
owing to the weevil, and the little insect can itself be found readily enough 
if a handful of wheat be taken, and spread over a large plate. The weevil 
can hardly escape being seen. (See fig. 34, p. 176.) The Acaiiis farinm (see 
Flour) may also prey on the wheat grain, but cannot be seen ^vithout a 
microscope. 

Sub-Section II. — FLournt 

Almost all the bran is separated from the finest fiour ; it has been a ques- 
tion whether this is desirable, as the bran contains nitrogenous matter — as 
much sometimes as 15 jxir cent., with 3*5 per cent, of fat and 5*7 per cent, of 
salts. But if the bran is \ised, it seems probable that much is left undigested, 
and all the nutriment wliicli is contained in it is not extracted (Poggiale.) 
A i)lan has l>een lately employed by M<^‘ge Mouries, which seems to save all 
the most valuable pai'ts of the bran; the two or three outer, and higlily 
siliceous envelopes of the wheat are detached, and the fourth or internal 
envelopes are left. Several plans of decorticjaiing wheat have been proposed, 
and some of them seem likely to supersede the old system of giinding. 

By a special manipulation and fermentation, !Mouri^^s proposes to so far 
alter the cerealin that its (jnergc^tic action on stare.h and production of acid is 
lessened, while all the really nutritious parts of the (mvelopes are preserved.;}: 
If the whole bran is used, it should l>e ground very fine, as the harder enve- 
lopes are very irritating, and it is well to i*emember that for sick persons with 
any bowel complaints bread must be used entirely without bran. I have 
found dysenteries most intractable, merely from attention not being directed to 
tliis simple point. 

Examination of Flour for Quality and Adidteratknu 

Flour should be examined physically, microscopically, chemically, and 
jiractically, by making breatl. 

Tlie quality is best determined by chemical examination ; adulterations by 
the microscope. 


* The brand of wheat and other cereals is owing to the Uredo or Puccinia, the species 
being or seyetum, Uye, maize, millet, &c., appear to have their own si^ecies. 

t The following, after Peligoi (mean <»f 14 analyses), maybe taken as the mean comiK»aition of 
Hour. The analyses of Vou Bibra (Die Getreid^rten und das Brotl, 18(50), agree very closely 
with it - 


^yheatf Fi-oiir, and Bran. 


Water, 

Fatty matters, 

Nitrogenous substances insoluble in water (gluten), 
Nitrog^enous substances soluble in w^ater (almunen), 
Non^nitrogenous soluble substances—dextrin, sugar, 

Starch, 

Cellulose,* 

Salts, 

} Bee his rmpers in the ** Comptes Rendvis de I’Acad." vols. J 
port, Jan. 185y. 


In 1(K) parts. 


Flour. 

Bran. 

14 

10-3 

1.2 

2-82 

12.8 

10*84 

1*8 

1*64 

7-2 

5*8 

597 

22*62 

17 

43*98 

1-6 

2*62 

r, 88, 42, and 

ClievallieFs Kc- 


^ This is, however, (ho cellulose of the entire giaiit, IhiUi of the husk and the interior of the grain. The 
salts are given at page 143; tlie prJtast^ phciaphovlc adtl, and magticaia are the principal ingredients; the 
earthy phosphates are especially combined, and In definite pnypnrtions, with the albuminates (Mayer), and 
also the gummy matter (Blbra). The alkaline phosphates hm Tlie bran contains much MUca. Oodemans 
places the etdioioee lower (36 to 80 per cent)., and the salts higher, (4 to 6 per cent.) 
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Phymcal Examinafion, 

Bight— starch should be (juite whites or with the very slightest tinge 
of yellow ; any decided yellow indicate coumienciiig changes ; the amount of 
bran should not be groat. 

There should be no lumps, or, if there arcs t^ey should at once 
break down on slight pressui*e ; there must be no grittiness, which shows that 
the starch gi’ains are changing, and adliorijig too strongly to each other, and 
will give an acid bit\ad. There should, however, be a ceHain amount of ad- 
hesion when a handful of flour is comprcissed, and if thrown against a wall or 
hoard some of the flour should adhere. When made into a paste wdth water, 
the dough must he coherent, and draw out ejisily into strings. 

Taste. — The taste must not Ik*- acid, though tlu* best flour is slightly acid 
to test paper. An acid taste, showing lactic f)r acidic acids is sure to give an 
acid bread. 

Sinell. — There must be no smell of fennentation or moiildiuess. 

Age of flour is shown by colour, grittiness, and acidity. 

Chem leal Exam inatum. 

It is seldom that a medical ofli(*er will lu*, abht to go through a complete 
(‘jcjuuinatioii, but he shouhl always <letermine the following jioints. 

1. AiiWHut of Water. — Weigh 100 grains, s]>read it out on a di.^^h, and dry 
i'ither hy a water batli, or in a hot-air bath or oven, the teiiipemture not 
being allowed to go abov'e 200'^. I'he flour must Jiot be at all burnt or much 
darkened in colour. Weigh directly the flour is cold; the loss is the per- 
centage of ^^'ate^. 

The nmge of water is from 10 (in the best driiul flours) to 18 in the worst. 
The more water the greater lia])ility of clnuige in tlie flour, and, of course, the 
less is the amount of nutriment purcliase<l in a given M'eight. If, then, the 
water 1 h 3 over 18 jKir cent., the flour should Ixi rejected ; if over IG, it should 
be imfavoumbly spoken of. 

2. Amount <f Gluten, — Weigh 100 gniins, and mix, by means of a glass 
rod, with a little water, bo as to make a well iiuxihI dough ; let it stand for 
lijilf an hour in an evai>onvting dish ; then pour a little water on it ; work it 
about with the rod, and carefully wash ofl* the starch ; pour oil' from time to 
time the starch water into another vessel. After a time, tlni gluten becomes 
so coherent, that it may be taken in the fingers and W(»rkt*Al about in water, the 
water, being from tirmj to time pourerl off till it (jonies off’ ejuite colourless. 
If there is not time to dry tlu; gluten, then weigli ; the dry gluten is g(;nerjilly 
one-third the weight of the moi.st. (I)nmas; 1 to 2*9 is perhaps a ueartir 
amount.) But if there is time, dry the gluten thoroughly, and weigh it. The 
dry gluten ranges from 8 to 12 iku* cent. ; flour should Ikj rejt^cted in which it 
falls below 8. If there is much ]>ran, it ofbui appartuitly inenuuses the amount 
of gluten by adhering to it, and should be stipamtesl, if possible, llie gluten 
should be able to be drawn out into long tlmsails ; the more extensible it is 
the Iwitter. It is always well to make two determinations of gluten, (^specially 
if there is any disputed question of quality, 

3. Anionnt of Ash. — Take 100 grains, jmt into a jioreelain or platinum 
crucible, ami incinerate to white asli. Weigh, llie Jish should not Ik? more 
than 2 per cent., or probably some mineral substences have besen mitle<l ; it 
sliould not be less than *8, or the flour is too poor in salts. 

It will not U* (*,asy for the medical oflicer to incinerate the flour, as it r(v 
quires a crucible and gas. It is difficult to do it over a spirit lamp, as it 
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takes a long time. A small charcoal fire is probably the best plan when 
appliancies are wanting. 

If the ash be more than 2 per cent., add hydrochloric acid, and see if there 
bo effervescence (carbonate of lime) or magnesia. Dissolve, and test with 
oxalate of ammonia, and then for magnesia, in the same way as in water (see 
p, 22). As flour contains both lime and magnesia, to prove adulteration, 
the pn^cise amount of lime and magnesia must be determined by weighing the 
incinerated oxalate of lime, or the pyrojdiospluite of magnesia (i)age 31). 

If there is no effervescence, add water, and test for sul])huric acid and 
lime, to see if sulphate of lime (jdaster of Paris) has been added. In normal 
flour the amount of sulphuric acid is very small 

Notice, also, if the ash be red (from iron). If clay has been added, it will 
bo left undissolvcul by acids and water. 

If carlx)nate of magnesia has been added, the ash is light, and porous and 
bulky (Hassall). 

An eJisy mode of detecting larger rjuantities of added mineral substances is 
given >)y Uedbuibac-her ; the flour is strongly sluiken with clilorofonii ; the 
flour floats, while all foreign mineral substances fall. This is a very useful 
Uist. 

4, The remaining ingredients can he determined, if necessary, from the 
sterch water, hut it is s(‘l(l(>in m^eessary to do so. Allow the starch to sub- 
side, pour otr the fluid, and wash tlie staivh hy d(*eantation, then dr\^ and 
weigh ; take all the water and washings, evajjorate to a small hulk, add a little 
nitric acid, ami hoil ; alhumen is thrown down ; collect, wash, and weigh. 
Evaporate the whole of the remainder to dryness, and weigh (mixed dextrin 
and sugar.) 

If the water be small, the gluten large, and the salts in good quantity, the 
flour is good, 8\ij>posiiig nothing is detecte<l on mieroscopical examination. 
Put in all cases it is well if time can be s})ar(‘d to have the 

Pmctieal Taut hy Make a loaf, and s(ie if it is acid when fresli, 

and how soon it becouuis so ; if the colour i.s good, and the rising satisfactory. 
Old and changing flour does not rise wtdl, gives a yellowish colour to the 
bread, and s}>eedily becomes acid. Excess of acidity can he detected by 
holding a i)iece of bread in the mouth for some time, us well as by test- 
pajKjr. 

TiiM /or Eryoi. — There is no very good test for I'rgi^t when it is ground uj) 
with the flour. Ditu'uu’s plan is to make a paste with a weak alkaline 
solution ; to add dilute nitric acid to slight excess, and then alkali to iieii- 



Fig. 24, — ^Transverse Section of EnvelujHje of Wheat. Scale KKXUli of an incin 

tmlisatioii ; a violet-red colour is said to be givcui if ergot is pn^stmt, which 
Iwcomos ^oHy-n^d when more nitric acid is addinl, and violet when alkali is 
adde<i 

Wittsbun considers this method iinprfeet, and ]>r(’.fers trusting to the 
{K^culiar odotir of })i'opylainine (herringdike smell), devel<»ped by liquor 
potossR' hi ergoted flour. 1 have no exjx*ricnce of this point.. 
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MkroBcopiml Examimtion, 

This is especially directed to determine the relative amount of flour and 
bran, the presence of fungi or acaii, or the fact of adulteration by otlier 
grains. 

Structure of the Wheat Grain, — It is necessary to refer briefly to the struc- 
ture of the grain of wheat, as this of course must be thoroughly understood. 
There are four envelopes (some authors make three, others five or six — the 
outer coat being divided into two or three), surrounding a fine and very 
loose areolar tissue of cellulose filled Mdth starch grains. 

Enoelojm of Wheat — The dmwings show the coats in mtv, cut transversely 



Fig. 25. — EnveloiHjs of Wheat (longitudinal section). Scale lOuOth of an incli. 

and longitmlinally, also the separate coats. The outer coat is mrnle up of two 
or three layers of long cells, with slightly Injaded walls, running in the direc- 
tion of tlie axis of the grain, llic .septa art* straight or oblitpie, and, as will 
l)e seen, the cells differ in length and bnadth. The size can be taken by the 
scale. The hairs an*, attaclKMl to this coat, and an? prolongations, in fact, of 
the cells. In the finest flour the haira and bits of this coat (as well of the 
other coats) can be found. 



The second coat, counting from without, is composes! of a layer of shoi*t 4 W 
cells, more regular in size, with slightly round(3d ends, and lying at right 
angles to the first coat, or across the axis of the grain, It is impossible to 
mistake it. The third coat is a delicate diajdmnous, almost hyaline mem- 
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Ah '::::'^'~~\.z5^-^^^=^Z^^) 




, »™'«1000thofaniB,i, 

^ to the areolar tissue of the Icewmii. ,lo ^ ^‘‘'*’’® « «!»note 

Jcgimiuiosie, and there is little doubt 



Periy arorted! '^*^‘®t»tjon with pea or bean has been somef • 

^ GTmiW of wheat a. v • 

are veiyvarnible in shw, the sandiest being 
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almost mere points, tlie largest ^ diameter or larger. In 

shape the smallest are roimd ; the lai^est, round, oval, or lenticular. It has 
been well noticed by Hassall tliat there is often a singular want of inteniiediabJ- 




Fiji. 29. —Fourth Euvelojie of Wheat. Fig. 30. Fresh Starch gi’ains of Wheat (moistened ). 
Scale KXXlth of an inch. x 300. 

sized grains. The hilum, when it can he seen, is central, the concentric 
lines are p(3rceived with difticnlty, and only in a small nunil)t‘r ; the edge of 
ilio grain is sometimes turned over ho as to (tausc* the apix^amnce of a slight 
furrow (jr liiK? along the gniin. Veiy' weak liquor |M»tassie causes little Hwell- 
ing ; strong licpior i>otassie bulges them rmt, and eventually destroys tlu^m. 
Tliere is no ditficultv in sc^eing if the pie<‘ti« of tiiivi^hqies ani too niimerous, 
but it should 1x3 remembercMl t)ie Ix^st flour conUiins some. 


if 


^ i'V, ) 


Pig. 31.— Dried and then inoiatened Starch*grain« of Wheat. Scale KKKXh of an inch. 

Duffosffs of Flour . — »Somo sulistances are found in flour, viz,, fungi and 
fiuimals. 

(n,) Fumji — Several fungi are found in wht*at flour. Tlie, most C/Oinnton 
fungus is a spcxdes of Ihiccinia. It is easily recogniixwi by its nmnd 
dark s|K)jrtmgia, which are either contoured with a double line, or are 
covered with little projections. It is said not to Ixf injurious by some, 
but this is very doubtful The symptoms have not Ixxjn well descrilied. 

Tlie smut, or caries, is also a species of Pnccinia; has large srxmib^s, 
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and gives a disagreeable smell to the flour, and a bluish colour U> the bread. 
It is said to produce diarrhoea. 



Fig. 32. — Difteascil Flour (Puccinia). 

Acnrtut, — I'he Arams faruKv is by no means um'ommon in inferior flour, 
eHj«*eially if it is <laui[>. It does n<>t iie(M\ssiirily indicate, that leguminous 
scimIh niv pr<*.sent, as stated. It (or its eggs) is rio doubt introduced from the 



Fig, —Amm$ /uHna^ (x8f> (ImmeU'rH).- Mitos fouml in tiour alive. In the largest 
agnrea, tho irMw^cls are conRiderably coiuprtwMHl. to Hhww the iKiwerfuI njaiulihh‘s» and have 
mch a ventral aapct In the aniallext ami iniddle'Kiz**^! insect, v.t* haxe drawn the dr)rsid 
the fohwer |K>8aij«8e« only aix lega, as iHjfore the lirst moult; several ova lie seatterwl 
ill the held of view. U ia unkiKvwu what ofliee the capaular organa futtil. They are well seen 
on each aide of the largeel llgimj. 

grain in tlie mill, as I have found it adhering to tlu? grain itself. It is at 
once recognised. 

Vibrimes , — ^These fonn for the most part in flour which has gone to extreme 
decomiKisition, ami which is moist and iKscoining discoloured. Tliey cannot 
be mistaken. 
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The presence of Acari always show that the flour is beginning to change. A 
single acaros may occasionally be found in good flom, but even one should be 
looked on with suspicion, and the flour should be afterwards frequently 
examined to see if they are increasing. 

Weevil (Calandra granaria). — The weevil is of course at once detected. It 
is by no means so common in flour as in com. 


Fij?. 34. 

Weevil -Natural Size. 



AdnJieraiicms of Wlwrd-Flonr . — ^At present there* is very little ailulteratioii 
of wheat-flour in this countr>% but should tlie price rise again, the (jaae will 1^ 
different. Abroad, adulteration is probably more coiumon, and the medical 
officer must be prepared to investigate tlu* jK)int. 

Tlie chief adulterations are hy the flour of other grains, vi/. : — 



Pig. 36.— Barley -liOngituUiaftl Section. 
i in saiue iu» that of the Btarch-graius 

Deteftim of Barley , — ^This is not 
done. 


Barley, j Buckwheat, 

Pobito, I Millet, 

Beans and S Sairazin, 

Maize, Melampy- countnes, 

nirn 

Lolium, 

and other grains noticed farther on. 
All these are best detected by the 
microscope. 

Other adulh»ration8 are by mineral 
substances, viz. ; — 

Powdered flint, 

Gypsum , Carbonate of lime, 

and Ms^esia. 
Tliese are Itest detect<^<l by chemi> 
cal examination. (For the det<»ction 
of alum, see the chapter on Bread.) 
easy, but can, w'ith care, be often 


The envelnpe^ 0 / the eame in number as thow of wheat, but they 

Z ^ ; the wall ^ 

the external layer are beautifiilly waved, but not beaded ; the celU are 
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smalleL The eecond coat, disposed at right aisles to the hist, as in wheat, is 
like the second coat of wheat, except in being more delicate. The third 
appears precisely the same as that of wheat. The fourth has the cells similar 
in shape to the corresponding wheat coat, but they are very much smaller, as 
may he seen on reference to the scale, and there are two, or often three, 
layers. 

The starch grains of barley are very like the wheat, with a central hilum 
and obscure marking, but are on the whole smaller 5 some have thickened 
edges, instead of the thin edges of the wheat-starch grain, but it is very 



Pig. 37. —Barley (second and third coats). 

difficult, and sometimes impossible, to distinguish them. It is therefore 
especially to the envelopes that we imt.st attend. 



0 


0 



Fig. 38.«-Bariey (fourth coat). Fig, 30.— Barley (Starch-grains). 

Detection of Potato Starch . — ^This is a matter of no dilficulty ; the starch 
pmns, instead of being round or oval, and with a central hilum and obscure 
ri^, are pyriform, wi& an eccentric hilum placed at the smaller end, and 
with well-marked concentric rings. Weak liquor potass® (1 drop of pharma- 
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oopal to 10 of water) swells them out greatly after a time, while wheat-starch 



Fig. 40.^ Potato Starch x 285. Loud. Oao-third part and water x 285. 

is little affected by this strength ; if the strength is 1 to 3 (as in tlie figure), 
the swelling is very rapid. 

Detection of Maize {Indian Com ). — There are two envelopes ; the outer 
being made up of seven or eight strata of cells ; there is no transverse second 



Fig. 42.<-lQdiiui*CorB Flour x 600. Cellalose of Indian Oom~~ x 500, with mark* 

inn from the starch^gnilna on the inter- 
cellular membrane. 


coat, as in wheat ; the internal coat consists of a single stratum of cells like 
the 4ih of wheat, but less r^lar in shape and size. The cellulose, through 
the seed holding the starch in its meshes, forms a very charaeisriitio struc- 
ture, which on section looks like a pavsmeut made of triangular or square 
I : the cells are filled with the starch-grains, which are very small, and 
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compressed, so as to have facets. They are very different from the smooth, 
uncompressed roxind cells of wheat. 



Fig. 43. — Longitudinal section of coats of Tudinn Com and (.'ellulose x liK). 


Bits of cellulose, with its peculiar angular markings, are always found if 
the wheat is adulterated with maize. 



Fig. 4L -Bean Starch x 500. 

DetedUm of Bean and Pm . — These adulterations are also at once dis- 
covered ; the meshes of cellulose are very much larger than those of the 
fourth coat of wheat, wit^ which ^it has sometimes been confounded, and 
the starch-grains are also quite different; they are oval or reniform, or 
.with one end slightly larger ; they have no clear hilum dir rings, but many 
have a deep central longitudinal cl^ running in the longer axis, and occupy- 
ing two-thmds or three-fourtha^ the length, but never reaching completely to 
the end ; this cleft is sometimes a line, sometimes almost a chasm, and occa- 


iitlOi] 


Fig. 45.— Bean (tranaverse section). 

added to a greater extent than 4 per cent, as it makes the bread heavy 
and dark. If the flour be mixed with a little boiling water, the smell of the 
pea or bean is perceptible. 

A chemical test has been given by Donn^ to detect admixture of garden 

/t. beans. The powder is smeared 
round the inside of a small vessel ; 
/ -} bottom of the vessel 7 or 8 

drops of nitric acid are allowed 
^ ^ evaporated by aid 

^ covered to prevent too rapid eva- 
I poration ; when the flour has 
partly become brown, a few drops 
of ammonia are put in the capsule, 
w and Jeft to spontaneous evapora* 

I 1 t f f I 1 ^ b^utiM red colour 

' ' ^ forms about the centre of the 

flour whore the action of the 
nitric acid has been neither too strong nor |ioo feeble. A lens will pick 
out at once the red points of the bean-flour. This reaction must be marked 
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to be of any value.* Several other tests have been given, but are imperfect, 
and really unnecessary, for the microscopic characters are suifficient. 

Detection of Oat — ^There are two or three envelopes; the outer longi- 
tudinal cells ; the second transverse, and not very clearly seen ; the third 





rig. 47. — White Oat— Long, sect., 2(i and 8d coats not separable, a Compound grains x 190 ; 

h One do. x 600. 

a layer, usually single, of cells like wheat. The starch-cells are small, 
many-sided, and cohere into composite round bodies, wliich are very 
characteristic, and which can l>e broken down into the separate grains 
by pressu^. A high power is tlie best for this. Tlie oat starch does 
not polarize light There is no difficulty in the detection of tlie starch- 
grains. 

Detection of Rice . — The husk of rice is very peculiar ; on the outer coat are 

numerous siliceous granules, arranged in longi- 
^ tudinal and transverse ridges (a). There are 

‘ numerous hairs, some of which are seated 

over stomata. Below tliis is a membrane of 
^ transverse and longitudinal rough-edged fibres 

while below these again is a toe mem- 
IT p r of transverse angular cells (cf), covering 

fi in ^ very delicate membrane of large cells. 

O Vs The starch corpuscles are veiy small ; angular 

Fig. 48.-Oit)uiid-Rlco Flour x 600. under low powers ; under high powers they 

are seen to 1^ facetted and compressed. They 
cannot be mistdcen for the round cells of wheat, but may be confounded 


Rtas hM given facte which appeat to greatly lessen its value. - SrjuiUier, />wr Sufmet, HfiL 
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until maize. As will be seen on reference to the scale, they are, however, 
much smaller. 




Wmi 





^iiw 





iHllI 


i' W 


Fig. 49. Rii.e X 170. 

Fig. 49. Traiwvurse »«cti(>u of the Hui*k ol liice, 


Fig. fiO.— Uu^*x 170. 


Fig. 50. Appearance of Hiiak aa seen in a trauaparent medium of glycerine and guiii| f 
n Sificeims gi^ulea, arranged in longitudinal and transvenie ridgeH, |>erforated oy openings - 
stomata, some having hairs seated over them. 5 c Transverse and lo^itudinal, brittle, rough- 
edged fibres, d A fine membrane of transverse angular cells ; these overlie u very delicate 
membrane of large cells e. 


IMpction of Rtje, — The envelopes are very like those of wheat, and can 
perhaps be hardly distinguisbod. Tlie recent 
/V starcb-gndiis are also extremely like those of 

i wheat, but the older and drier grains have 

M OT sometimes a peculiar rayed hilum. I have seen 

this, however, in very old wheat, but never to 
ijnim the same extent as in rye. 

^i^ai^tity, is discovered by 

l _ baking ; it makes a dark, acid broad. 

\ Umpsd is not a common adulterant. The 

envelopes are pcKsuliar : the external is made up 
it. of hexagonal cells, containing oil ; the second 

of round cells ; the third of fibres ; and the 
fourth of angular c«dls, containing a dark reddish 
Fig. 51. ~Rw-stjwb, with myiH^ colouring matter, 
tithtm (alW Haiutall)x420. ^ ^ 

sometimes used, but is not common. There may also, (lerlmps, be other 
fvlulterations of grain, &c. in India. 

Bmhcheni (Polygonum fagopymm, or Fagopynim esculenium).~Like lye, 





f O / // 

> 


,lv 


rig. 52.~Rye— 1. Transverse section of Testa, &c. x 108 ; 2. Coats in situ from without^ x 170. 
a External ; b Middle ; c Internal coat ; d Starch-grains x 108. 

drawing sufficiently shows the texture of the envelopes, which is very com- 
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Fig. 58.— X 170— Outer coat of Buck- Internal coats— The most internal, is com-i 
wheat, ai^parently of irregular and * posed of cells witli i«u irregular waved out- 
mteiiacing Sbrospimi cells, separable fine, and longitudinal cells over the starch- 

by boiling the testa and macerating cells x 170. 

it. Outstde these cells is a very thiu 
and delicate membrane, retaining the 
marksofatiacbmentofthespiraloeUs. 

plicaUnl. The starch-grains are small and round, and adhere ( iogether in 
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Under a high pewer, there are indications of concentric rings 
Bread made urith this grain has a darkiA, somewhat violet, colour. 
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iiful structure of the eiiveloi)e8, which coulAnot be confounded with those of 
wheat. The stiuvh-gwns are voiy small^ round, and tolerably uniform in 
0261 

Melampyrum arvense and other species (Purple Cow-wheat — Scrophulor 
riaeecey — ^This has occasionally been mixed with flour ; it is not injurious, 
but gives the bread (not the flour) a peculiar smoky violet bluish violet 
tint This depends on a colouring matter in the seed, which, when warmed 
with acid, gives the violet colour,* 

Trifolium arveme (Trefoil — Legumirmce ). — ^This also gives the bread a 
red violet colour. It is not known to be injurious. 

Rhinanihus major and minor (Sainfoin or Yellow rattle — Serophulariaceoi) 
— gives bread a bluish-black colour, a moist sticky feel, and a disagreeable 
sweet taste. It is not iiyurious. 

Lolium tcmulentmn (Bye-grass — Graminece. Other species may be used.) — 
Tliis gives the bread no colour, but produces narcotic symptoms, vertigo, 
hallucinations, delirium, convulsions, and paralysis, Pelhschek states that 
these symptoms do not occur if the grain be dried in an oven before baking, 
or if the bread is left for some days before being used. Ihe detection of the 
lolium is hest effected by means of alcohol, which gives a gi'eenislx solution 
with a disagreeable repulsive taste, and on evaporation a resinous yellow- 
green disagreeable extiuct is left. V\m* flour gives with alcohol only a clean 
straw-coloured solution, with an agreeable taste (Pellischek). 

Broimis /Brome-grass — Oraminecv ; different species — Arvensis or Seca- 
Urtus ), — Pellischek states that the seeds of this plant give the bread a dark 
colour, and make it indigestible. It is probably a most uncommon adul- 
teration. 

It vrill Ix^ found that when mixed with flour, the niici*o8cope will detect 
readily many of these substances. Detection is often very difficult when the 
flour is made into bread, and therefore, whenever from the bread there is any 
cause of suspicion, means should l)e taken to obtain some of the flour. 

Conos flour , — A flour obtained from Bevet wheat is used by the bakers for 
dusting their trough. H assail has found tliis cones flour to be greatly adulter- 
ated with rice, maize, beans, rye, and barley. Sometimes cones flour is 
mixed with good flour. All these impurities have been already described. 

Cmkiug of Flour, 

The effect of heat is to coagulate the albumen, and to transform some of 
Uie starch into dextrin. Substances are also added to tlie bread to cause a 
further transformation of the starch. 

Cidm , — The unfermented cakes are simply made with water and salt. As 
they are very readily mode, are agreeable to taste*, and nutritious, it is very 
desirable to teach every soldier to make them ; so that in war, when bread i.s 
not procurable, he may not be confined altogether to biscuit. The Australian 
damper” is simply made by digging a hole in tlie ground, filling it with a 
wood fire, and, when the fire lias thoroughly burnt up, rtunoving it, placing 
the dough on a laige stone, covering it with a tin plate, and heaping ^e hot 
ashes round and over it. In a camptugn every soldier, if he could get flour 
and wood, would soon learn to ImJio a cake for himself. The only point of 
manipulation which requires practice is not to have the heat too great j if it 
be above 212** too much of the starch is changed into dextrin, and the cake 


Pellischek, SdunWr* Jahrfi, 1868, No, 8, p. 287. 
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is tough. Exposed to greater heat, and well dried, the unfermented cakes 
become biscuit. # 

Maocaroni is flour of an Italian grain, moistened with water, and pressed 
through a number of small openings, while at the same time heat is applied. 
As it is very nutritious, in small b^k, and keeps well, it would be a good food 
for soldiers in war if its cost could be lessened. 

Sub-Section III. — Biscuit.* 

To make biscuit, flour is often taken with little or no bran (on account of 
the hygroscopic properties of bran) ; but bran is also sometimes used ; no salt 
is added. The simplest biscuits are merely flour and water. Some biscuits 
are made with milk, eggs, &c. 

Choice of Bwcuit> — Biscuit should be well baked, but not burnt ; of a 
light yellow colour, and should float in water ; when struck, it sliould give 
a ringing sound ; and a piece put into the mouth should thoroughly soften 
down. It should be free from weevils, which are easily seen. 

Advantages as a Diet — As it contains little water (see Table * ), and, bulk 
for bulk, is more nutritious than bread, f ths of a fl) are usually taken to equal 
11b of bread ; but different authorities give difierent numbers. Its bulk is 
small, and it is easily transported. 

LHsadvantages . — Like flour, it is deficient in fat. After a time, it seems 
difficult of digestion. Perhaps the want of variety is objectionable; but 
certain it is, that men do not thrive well upon it for long periods. In war, it 
has always been a rule with the best English anny surgeons, for more than a 
centuiy, to issue broad aa much as possible, and to use biscuit only in cases 
wdiere it cannot be avoide<l. 


8UB-*SECTI0N IV. — BKEAD.f 

If carbonic acid gas is in any way formed in or forced into the interior of 
dough, so as to divide the dough into a number of little cavities, bread is 
made. 

Th^re are three kinds of bread : — 

1. Carbonic acid is disengaged by a fermentative process, caused by yeast 
or leaven. During the baking a certain amount of preformed sugar yields 
carbonic acid ; a jiortion of starch is converted into dextrin and sugar, and 


• C(>m}K)«ition of BiHcuit ; - 

Water, . . 8 to 12. Bu^ar, 

Nitrogenons eubstanceM, . 15 Fat, 

Dextnn, .... 8*8. Btarch, 


1-9. 

1'8. 

72 to 75. 


t Oompoaition of Broad 


* 1 

- .... i 

W»ter. 

KUrog. Suh. 

Fat. 


English BakeFe Bread 

Maximum nutriment, 

83 

8*67 

1*5 

R 

M inimum nutriment, 

44 

6*98 

1 


French Oommiseariat 

Old formula, ..... 

41 

7*2 

1*6 

ill 

New formula, 

85 

79 

1*5 


Austrian Commissariat, .... 

45-50 

6*2 

1*4 



The nitrogen in 100 parts of dry bread, in eleven diflerent amiieii, varies from 2*20 per cant. 
(French), to 1*12 per cent. (Frttmian;. Aecordina to Keichenbaeh, the cruet oontalne a enb- 
stance (aaeasnar), which has an inflnenee in retarding tissue i ‘ ‘ 
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also yields caxbonic acid ; a little lactic and butyric acids, and extractive 
matters, are formed. It is of importance to prevent this clm^e bx)in going 
too far ; and herein is one of the arts of the baker ; and it is partly to pre> 
vent this that alum is added, which has the property of arresting the change 
(Odling). 

In making broad, the proportions arc 20ft> of flour ; 8 to 12Ib of tepid water ; 
ioz* of yeast, to which a little potato is added, and H to 2oz. of sdt ; 2801b 
of flour (1 sack) will give from 90 to 105 4S» loaves ; &e baker always endear 
vours to combine as much water as he can, so as to get more loaves. 6Jlb 
of dou^ yield 6B> of bread. Machines are now generally used for mixing 
the dough (Stevens’ Machine). 

2. Carbonic acid is disengaged by mixing carbonate of soda or ammonia 
with the dough, and adding hydrocliloric, tartaric, or citric acids. Baking 
powders are compounds of these substances. 

3. Carbonic acid is forced through the dough by pressure (Dauglish’s 
patent aerated bread). This process has the great advantage of rendering 
im|K>BBible for the conversion of starch into dextrin, sugar, and lactic acid to 
go too far. About 20 cubic feet of carbonic acid (derived from clialk and 
sulphuric acid) are used for 280fl> of flour; and about 11 cubic feet are 
actually incorporated with the flour (Odling). 

Tlie Table on page 188 can be used in the following way : — 

Determine the percentage of water and of gluten (nitrogenous compounds) 
in the flour. Ihen learn how many 4fl) loaves are given by a sack of 280B>, 
or how many jx)unds of bread are given by lOOH of flour. 

Then the table will give the amount of water, and of nitrogenous substance 
in the bread. 

As there is vegetable albumen in tlie flour, as well as gluten, a correction 
should be made by adding one i>er cent, to the weight of the gluten. 


Advantages of Bread as an AiHefe of Diet. 

It is haixUy lu^cossary to mention these. The great amount of nitrogenous 
matters and starch it shares with flour ; the nitrogenous substance is to the 
carboniferous os 1 to 0*3 (Forlu^s Watson, Odling). It therefore requires more 
nitrogen for a perfect food. The process of baking renders it more digestible 
than flour. No satiety attends its use, although it may be always made in the 
same way ; this is proliably owing to the great variety of its components, 

Dimdmntages . — It is poor in fat and some salts, especially in the case of 
the finest flour freed from the internal enveloYxj. Therefore we see that the 
practice of using fat virith it (butter for the rich, fat Imcon for the poor man) 
is extremely common. As to the relative advantages of the three methods of 
making luead, the last (aeration by carbonic acid) is said to have the advan- 
tage of making white bread, though the inner envelopes are left ; of not causing 
any loss of starch, or {wmitting the change to go too far ; of not containing 
any unwholesome yeast. The system of making bread with yeast has Ix^ 
objected to on the ground that bad yeast is often used ; the fermentative 
changes go on in the stomach, much carl)onic acid gas is disengaged, and 
dyspepsia, flatulence, and unphaasant, sensations, such as heartburn, are pro- 
duced. There is no doubt that Iwidly pre|mred bread gives rise to tb^e 
symptoms, though whetfier this is owing to bad yt^ast is, I think, uncertain. 
The second method yields a wholesome bread, but is too expensive for com- 
mon use, and it has also been pointed out tliat the hydrochloric acid of 
commerce always contains arsemc. Tlie amount would be too small to be 
hurtful, but might have a medico-legal consequence. 



* Abstract from Table given by Inwes and Gilbert. 
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Special pointe about Making of Bread. 

Bread may be of bad colour — ^rather yellowish, from old flour ; from grown 
flour (in which case the changes in the starch have generally gone on to a 
considerable extent, and the bread contains more sugar than usual, and does 
not rise well), and perhaps from bad yeast. The colour given by admixture 
of bran must not be confounded with yellowness of this kmd. 

Bread is also dark-coloured from admixfure of other grains, as already noticed 
under flour (rye, buck-whtw,t, melampynim, sainfoin, &c.) Bread may be acid, 
from bad flour giving rise to an excess of lactic and perhaps acetic acids, or, 
it is said, from bad yeast It is bitter from bitter yeast. 

Broad is heavy and sodden from bad yeast fermenting too rapidly, or when 
the fermentation has not taken place (cold weather, bad water, or some other 
cause, will sometimes hinder it), or when the wheat is grown ; when too little 
or too much heat has l)een employed. 

It becomes mouldy rapidly when it contains an excess of water. 

Kice is used ii& an addition because it is cheaper; it retains water, and 
therefore the bread is heavier. Rice bread (if 25 per cent, of rice be added) is 
heavier, of closer texture, and l(?ss tilled with cavities. Potixtoes are some- 
times added, but are generally used only in small quantity with the yeast. 

Aliun is added to stop an excess of fermentation, when the altering gluten 
or cercaUn acts too much on the starch, and it also whitens the bread ; it 
does not increase the amount of water ; it enables bread to l>e made from flour 
which otherwise could not be used. Sulphate of copper and of zinc, in very 
small amount, are sometimes employed for the same purpose. 

For acid flour lime-water is used instead of pure water ; lime-w'ater has this 
advantage that, "while it does not check the fermentation of yeast, it hinders 
the action of diastase on starch (Odling). 

After being taken from the oven bread begins to lose weight. The 4-E> 
loaf loses, — 

In the first 24 hours, 1 J ounce. 

In 48 „ 5 „ 

„ 60 „ 7 „ 

,, 70 „ 8| „ 

But this is mertdy an average, and is altered by amount of crust, temperature, 
and movement of air. 

Loaves are generally weighed when hot, and that is considered to be their 
weight. In the Austrian army a loss of 2*9 per cent, in four days is permitted. 

When loaves l>ecomc stnlo they can l>e rebaked, and then taste quite fresh 
for twenty-four hours, after that they rapidly change. 

Old biscuit also, mixed with water, can be n^baked, and becomes palatable. 

In the French army difi'erent kinds of bread are used ;* ordinar}' bread ; 
biscuitod bread ; breml lialf biscuited ; bread one quarter bisciiited ; hospital 
bread. The Pain biscuits ” is used only on service ; it is baked more firmly 
than ordinary bread. 

Pain de mimition onlinaire keeps 5 days in summer and eight in winter. 

„ au quart biscuit^ „ 10 to 15 days, 

^ „ domi „ „ 20 to 30 J 

„ biscuits „ 40* to 50 „ 

The French munition loaf weighs 1 *5 kilogrammes (3*3S> avoir.), ^d con- 
tains two rations of 760 grammes each (1 *65 ft). The ration of biscuit is 550 
grammes 


Code d«(i Officiew de Santi^, 1863. 
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It Would be useful to adopt the practice of strongly baked bread in our 
amy ; it is a good substitute for biscuit. 

OompresBed Bread , — (See Concentrated Foods.) 

Examincdion of Bread, 

There is perhaps no article on which the medical officer is move often called 
to give an opinion. 

General Characters, — There should be a due proportion, not less than 30 
per cent, of crust ; the external surface should be well baked, not burnt ; the 
crumb should be permeated with small regular cavities ; no parts should be 
heavy, and without these little cells ; the partitions between the cavities should 
not be tough ; in the best baked bread the cavities are stratified in layers per- 
pendicular to the crust (V piled or flaky bread ;*') the colour should be wWte, 
or brownish from admixture of bran ; the taste not acid, even when held in 
the mouth. If the bread is acid the flour is bad, or leaven has been used ; if 
the colour changes soon, and fungi form, the bread is too moist ; if sodden 
and heavy, the flour is bad, or the baking is in fault ; the heat may have 
been too great, or the sponge badly set. 

Chemical Examination, — This is conducted chiefly to ascertain the amount 
of water, acidity, and the presence of alum or sulphate of cop|>er. 

Water, — Take a weighed quantity (say 100 grains) of crumb, and diy in a 
water bath ; powder and then diy again in a hot-air l>ath or oven, and weigh ; 
the water should not be more than 45 per cent. ; if more, the bread is pro 
fz-in/o* less nutritious, and is liable to l>ecome sooner niouhiy. 

Acidity, — ^This can be determined by a standard alkaline solution. (See 
Beer.) At present no ol)servations have been made on this point, but it may 
be important as indicating bad flour. In good bread the acidity on first 
baking is very trifling ; it increases slightly for five or six days. 

Alum, — ^The determination of the presence of alum is not difficult, but tlie 
quantitative analysis is a very deliciite matfr^r, and probably the medical officer 
will act wisely in simply noting the presence, and leaving the question of 
quantity undetermined. Many processes have In^en pro|K>s^,* some of which 
are merely modifications of each other. The following seems the most 
simple : — 

\ei part. Take at least ilb of crumb, put in a mortar, and soak it well in 
pure cold water ; filter, ana get as clear a fluid as possible ; add a few drops 
of hydrochloric acid, and then chloride of l>ariura. If there is no precipitate 
no adum can have been added, and the process need not be proceeded with. 
K there is a slight precipitate, it may hit accounted for by sulphate of lime or 
magnesia in the water added, or of sulphate of magnesia in the salt, or by the 
slight amoimt of sidphuric acid naturally existing in the grain. Perhaps the 
m^cal officer will know whether the water or the salt contains sulphates, 
and if so the absence of alum may be inferre^d. If there be a large precipitate, 
the presence of alum is probable, but is not certain, and the process must lie 
continued. 

2d part. Take another |lb of crumb, and incinerate it in an iron or poroe- 
lain vessel to black ash, or grey ash if possible. Put in an evaporating dkh, add 
a little hydrochloric acid, and evaporate to dryness. This is in order to 
as much silica as possible insoluble. Moisten thoroughly wit^ strong hvl^ 
chloric acid, add water, and boil; filter, add carbonate of soda neariy to 
neutralisation, and then an excess of pure potash dissolved in alcohoLt The 

• By Kiihlmsim, Letheby, Odling, Wsntworth, Scott, Crookes. Hsmll, Hadow, Hoiriey. 
t Commoti liqoor potwiiws frequently contains alumina, and snonld be tested aa fidlowi 
add a slight excess of hydroddoHe acid, and iwtttraJiise with ammenua, boil ; If a predp^ta 
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lime and magnesia are thrown down ; the alumina is held in solution. Boil 
and filter. Add an excess of hydrochloric acid, and boil with carbonate of 
ammonia ; alumina falls ; wash the precipitate by decantation, not using a 
filter, collect in a small porcelain capmile, dry, and weigh. 

1 grain of alumina = 9 of dry alum. 

„ „ =5 4*5 of crystallised alum. 

After weighing, to make assurance doubly sure, moisten with a few drops 
of nitrate of cobalt, and heat in the blow-pipe flame ; a beautiful blue or 
purplish-blue colour should be given. As phosphate of magnesia gives the 
same, this test cannot be used with the ash of bread. 

There is one inaccuracy in the above process ; the alumina always retains 
some phosphoric acid, and therefore the precipitate gives a greater quantity of 
alum than really exists. The difference is not prol)ably material, but if it is, 
the process devised by Mr Crookes should be used,* or the following modifi- 
cation. 

After weighing the precipitate, dissolve in nitric acid, add a piece of 
metallic tin, and l^il ; the tin is oxidised and thrown down as stannic acid 
and phosphate ; evaporate to dryness, dissolve in water, filter, and add car- 
bonate of ammonia ; pure alumina falls, dry and weigLt 

Dr Letheby has also used a decoction of logwood as a test ; a piece of pure 
bread and a piece of 8usf)ected bread are put in a glass containing freshly- 
prepared decoction, and left for 24 hours ; the pure bread is simply stained, 
the alumed broad is dark-puq^lish, as Ihe alum acts like a mordant. Mr 
Hadow has also used this test with advantage, but Mr Crookes, after many 
experiments, came to the conclusion that it was valueless. J The chemical 
test should he therefore always resorted to. 

Alum is not much used except with inferior hread.§ Tlie amount of alum 
in bread is said to he, on an average, 3 ounces to a sack or 2801b of flour; if the 
sack gives 105 4-lb loaves, there will be 16 grains in a 4-Ib loaf ; if crystallised 
^alum is meant by tliis, there will he only about 8 grains of dry alum|( in a 4-Ib 
loaf Hassall states the quantity to be ^Ib (8 ounces) to 240ft> of flour, but 
that the quantity differs for old and new flour. A very good witness, H in the 
inquiry into the grievances of the joiime^Tnen bakers, gave the quantity at 
10 ounces per sack ; this would give 41*6 grains per 4-Ib loaf. When mixed 
with flour and baked, the alum is decomi>osed ; part of the alumina combines 
most strongly with phosphoric acid ; and either this or the alum itself is pre- 
sumed to in combination with the gluten ; bisulpliate of potash is pro- 
bably formed. 

The effects of alum on the flour during baking have been already noticed. 
The effects on health will be presently considered. 

Sulphaie of Copj^er , — Cut a smooth slice of bread, and draw over it a glass 
rod dipped in ferrocyanide of potassium. If copper be present a brick-red 

occur, the liquor potaMse must not be used. It is said also that the salt used in making bread 
may oontaln a little alumina : if so, anotlier fallacy is introduced, and the salt must be ex- 
amined ; but this error must be most trifting. Whenever practicable, the flour should be ob- 
tained. and militanr sumona wiU generallybe able to manage to do this, 

♦ Mr Crookes* prooesa Is given in the ** Chemical News,” 18(52. 

t Article Bread In ** Watt's Dic^onary of Chemistry," voL i. p. flflO 

£ Chemioai News, Sept. 18(82. 

I Report on joumeymen Bakers, 1862; p. 164. See also Odling's Papers. Hassall, however, 
found alum in half the loaves examined. 

N Mrtchell, in his Treatise on the Falaiflcations of Pood, gave a much greater amount ; but 
there is UtUe doubt his alumina was not pure. 

^ Beport on the Joumeymen Bakers, 18^ p. 168. Some of the statements are beyond even 
this amount. 1 to l!h per 1000 loaves (p. xxxvi.l ; but this is probably an exa^ratiou. 
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colour is given by the formation of ferrcoyanide of copper. This test is very 
ddicate. 

Poiatoea, — ^If potatoes in any quantity have been added, the ash of the 
bread instead of being neutral is alkaline ; this can only occur fn:>m carbonate 
of soda having been ^ded, or from the presence of some salts of organic acid, 
citrates, lactates, tartrates, which form carbonates on incineration. But if it 
be from carbonate of soda, the solution of bread will be alkaUne, so that it 
can be known if the alkalinity is produced during incineration. If so it is 
almost certain to be from potato. 

Examination of Yeast. — Common brewers* yeast is not likely to be adulter* 
ated. If any solid mineral substances are mixed with Corman yeast, they are 
detected either by washing or by incineration. 13r Letheby found German 
yeast, imported in 1863, to be adulterated with 30 jwr cent, of pipe clay. 

Microseopical Examination of Bread. 

tinder the microscope some starch-cells can be seen, but they are generally 
enlai^ed and partly broken up ; often they are broken up altogether^ and fonn 
little angular masses which might lie mistaken for rice starch grains. Thci 
gluten forms little stringy masscvS. Sometimes with a low power some dark 
points are seen ; under a liigh power, 500 or 600 diameters, these are found to 
l)e formed of a numbt?r of dark little rods joined together. This is a kin<i of 
bacterium often found in large quantitic»s in yeast, aiul is carried into the 
bread. It must not Iw mistaken for an impurity. 

Fimji. — The most common fungus is a kind of Pmiicillhm {miophilum 
and roseum)^ greenish, brownish, or reddish yellow colour ; s}K>niles, sporangia, 
and mycelium can all be seen. Th(» Oidiurn mmmiiacMM has been several times 
detected in France and Algeria ; it is tlistinguishe<l by its orange red colour. 
A greenish mucor is often found in bread. 1 have not yet seen the Puc- 
cinis so common in flour. 

Microscojnral Examination for Adulterations. 

Rice flour cannot be detectcKl unle^^s it is in very large (luantity ; then the 
number of small angular grains may create suspicion, ofUm luifortunately no- 
thing more than suspicion. Potato starch is often completely broken up, and 
cannot be detected ; if potato itself* is us(id, little masses of it can often he 
found, and some starch grains with eccentric hi lorn. Incinemtion for the alka- 
line ash is useful in this case. 

Bean and pea flour, if more than 4 pef cent., give a dark colour to the 
bread ; the starch cells can often bo found ; moistening thtj biaad with hot 
water sometimes produce^he jKJcuiiar smell of the i>ca. 

The microscopical examination of breail for adulteration is unsatisfactoiy ; 
the flour should be examined insteail, whenever it can l>e obtained. 

Diseamt cmnextexl with ths Quality of Flour and Bread. 

1. The Flour oriyinally had. — It may be ergoted or gro'ivn and fermenting, 
or Mrith fungi forming. Any anomalous disease approac/bing to ergotism should 
lead at once to an examination of the flour. The fennenting flour produces 
dyspepsia and diarrhoea ; the heat and moisture of the stoimich, no doubt, 
excites at once very rapid fermentation ; the gluten, alr^mdy metamorphosing, 
acts veiy energetically on the starcli, and carbcjtiic acid is rapidly developed ; 
hence uncomfortable feelii^, flatulence, irajwrfect digestion, and diarrhcjca. 
It is to remedy this condition of flour that ^um is a<lded, and some of the 
eflects ascribed to alum may be really owing to the flour. 
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The most important disease connected with flour is, however, ergotism ; 
this is less common in wheat than in rye flour, but yet is occasionally seen. 
Sometimes ergoted meal produces at once violent stomach and intestinal 
symptoms, at other times primary digestion is well performed, and the early 
symptoms are great general depression and feverishness, ushering in the local 
symptoms of acrodynia. 

2. Flmr originally good^ Imt altering either from age or from mt luxvimj 
been well dried , — The bread is often acid, and sometimes highly so ; this may 
produce diarrhoea, though I have known such bread used for a long time with- 
out this eflect ; usually persons will not eat much of it, and thus the supply of 
nutriment is lessened. If the bread bo too moist, fungi foim, and the Oldium 
aurantiamm, in particular, has been known in Algiers to give rise to little 
endemics of diarrhoea (Boudin and Foster.*) Tlie Mumr mucedo either does 
not produce this, or rarely. It should Ikj remembered, however, that mouldy 
oats (the fungus being the AsfMirgillus) liave given rise to paralytic sjmptoms 
in horses, so that these fungi are to he looked on with suspicion. t It is not 
known that the Acanis so common in this flour has any had effects w'hen 
eaten. 

3. Sul/etanres added, — Alum, of course, is the chief substtince ; there has 
been much difiei*ence of opinion as to its effects. It has lK‘eri fisserbxl to pro- 
duce dysjH'psia; to Ictssen the nutritive valiw? of brcMid by rendering the phos- 
phoric acid insoluble, and to be also a falsiflcation, inasmuch as it permits an 
inferior flour to be sold for a good one. The last allegation is no doubt correct ; 
the second, probably so, as there is little doubt <»f the fonnation, and none of the 
insolubility, of phosjihate of alumina. Tlie flrst point is mon? doubtful, though 
several physicians of great authority (Car^xjuter, DiiiaUis Tliomson, Gibbon, 
Normandy), have considered its action very deleterious, and tliat it causes 
dyspepsia and constipatiom Pereira considered that whatever may have been 
the effect in the wise of healthy }.K?rsons, sick j)ersons did really suffer in that 
way. A {question like this is obviously difficult of that strict proof we now 
demand in medicine, and personally 1 have been able to come to no conclu- 
sion, exce[)t that several ihu’sous have told me that the Lomlon Imkers* bread 
produced in th<dr cases c(Uistipation, ami this they attribuUHl to alum. See- 
ing, indeed, tliat the usual effect of bad flour is flutuhnice and diarrhcea, if con- 
Btijmtion W'ere decidedly ])rodiiced by brea^l, it would be more likely to pro- 
ceed fnmi alum than from any other ingrcnlient of ilu^ bread. Looking again 
to the fact that sometimes bitunl has contained largo (quantities of alum, — sonnv 
tinies as much as 40 grains in a 41b loaf, and qirobably more, — we get an 
amount in an ordinary mciul whicn (if the phosphate of aliutdna is an astrin- 
gent) might very 'well cause coiistijiation. 

Looking, tlien, to the |K)sitiv<‘. evident, and the reasonableness of that evi- 
dence, it seems to me extnnmdy likely that strongly alumed bread does pro- 
duce the injurious effects aserilied to it. 

The addition of alum is forbidden by law. 

Sulphate of Cop}>er , — ^The amount used is so* small that it seldom produc/es 
any symptoms; still it is a possible case that some anomalous cases of 
stomach irritation might bo owing to this. Tlie Lolium femulentum gives rise 
to narcotic symptoms (see ante). 

Flour from other Qraim, — ^l.t is noiluiown whether the addition of potatoes, 
rice, Imrley, peas, &c., in any way injurcAs hciilth, except as it may affect 
nutrition or digestion. Occasionally, in times of famine, other substances are 


• Archivtpfl Gon. d« UM,, 1848, p. 244. 

"I SantliM'Koira Roport ip B)*4. 8oc. Year-Book for 1802, p. 402. 



194 


ARTICLES OF THE SOLDIER’S FOOD. 


xmxed — chestnuts, acorns, &c. In 1835, during famine, fatal dysentery ap- 
peared in Konigsberg, owing to the people mixing their flour wdth the pollen 
of the male catkin of the h^ bush. In India the use of a vetch, Lathyrm 
miivusy with barley or wheat gives rise to a special paralysis of the le^, when 
it exceeds ^th part of the flour (Irvine in Indian Anmlat ) ; the L, cimra has 
the same effect.^ 


SECTIOJSf III. 

BARLEY.t 

As an article of diet Imrley has the same advantages and disadvantages as 
wheat It is said to be rather laxative (Pereira), and I liave myself noticed 
that either from this <jause, or from the im|>erft*ot separation of the shaq) husks, 
barley bread is particularly unsuited for dysentt?ric cases. It is <.*ertainly, how- 
ever, veiy nutritious, and the Greeks train(Hl their athletics on it. Its rich- 
ness in phosphoric acid and iron render it juirticularly adapted for this. 

Choke of Barky . — (Scokh or pot barley, viz., the gmin without the husks.) 
For the barley grains the siuue ix>int.s are to lx‘ atU‘ndt‘d to as in whent. 

For the pearl barley (wdiicli is merely the gnun round<*,d ofl‘), the l)est tests 
are the physical cliaracters, colour, freedom from dust, grit, and insects, and 
the test of cooking. 

The patent, prt>i>ared or |X)wdered barley, should lx examincHl with the 
microscope ; any kind of cheajxr grain may 1 m' mixed wdth it. For figures of 
barley see piige 177. 

Diseases armrnj fmn alkred quality . — These are the same os those of 
wheat — viz., indigestion, flatulence, and diarrluea. I am not awart^ that 
there is anything peculiar in the action of diseastnl barley as tlistinguisbed 
from wheat. 


♦ For symptoms, setf Aitktjn's Practice of Medicine, vol ii. p. 68. 


t AnalysU of Mml and limn in 100 parts ( Wm Ribra). 



In the meal 

In the Bran 


(salts omitted). 

(salts omittiKl). 

! Water, 

15 

12 

1 Albumen, 

1-634 

1 740 

Substances indicated in the term Gluten^ 

11 347 

1«3*103 

Gum, 

6744 

6'886 

Sugar, 


1*904 

Fat, 

2170 

2*960 

Starch, 


42*008 

i CeUulose, 

... 

19*400 


Mineral ruhetances in 100 parts of BarU^ freed from husks. 

qwf.niiiies of silimtes ( Vm Bibra). 
Percentage of aah in the flour. 

Potash, 

Soda, 

Magnesia, . 

Isme, 

Phosphoric acid, 

Snlpnnric acid, . 

Silicate of atnmina. 

Oxide of iron and loss, 


The husks emUain larye 
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SECTION IV. 


OATS.» 

Oats have been considered even more nutritious than wheat or barley, and, 
certainly, not only is tlio amount of nitrogenous substance great, but the pro- 
portion of fat is large. Unfortunately, the absence of gluten in the nitro- 
genous substance takes away the adhesive proj)erty, and bread cannot be 
made ; the amount of indigestible cellulose is large. But, on the other 
hand, oatmeal has the great advantage of being very readily cooked, much 
more so than wheat or l)arley. 

For this rtwjon, and because it contains much nutriment in small bulk, be- 
cause it can be eaUm for long jHjriods with relish, and keeps un(!hanged for a long 
time, it would seem to be an excelhmt food for soldiers during war, an ojiinion 
which do(5S not lose in force, wlien we rememlxir that it formed the staple food 
of one of the most martial ra<ies on reconl, the Seotcli Highlanders, whom Jack- 
son consideixid also one of the most enduring. Formerly, when oats were 
Iwidly cleaned, intc*8tinal conceptions of the husk and haim were common 
among those who liv<ul it, but these are now uncommon. It has l)een 
tliouglit to be “heating” wluui hiken continuiilly, but this is probably a 
prtiijudice, 

Afhiltmitiom, — Barley-meal and the husks of barley, wheat, and oat itself 
am add(Ml very fnvpiently. A single look through the microscop(‘. detects the 
roxiud and smooth barley-starch ; the enveloiHps ar<j recogiiise<l uith very little 
mon^ trouble. Kice and maize are also sometimes used. The drawings 
already given vrill also enable these* suh8tanc(‘a to In? detected. Hassall found 
alxnit half tht? samples of oatm(‘4il aflultemted. 

Choice of Oatuu^oL — There should 1 h* a good pro]X)rtion of envelop(^, hut 
no branny character, which usually arises from barley husks ; the starch 
should not Ik? discoloured. A microscoj)ic examination should always be 
made, both for adulterations and Aciiri 


SECTION V. 


MAIZE AND RYE.t 


Ikdh those grains arc? very nutritious ; maize contains a large quantity of 
yellowish fat (G to 7 [wr cent.) It requires veiy^ careful cooking, as otherwise 


Water, .... 
Albumen, .... 
Other Nitrogeneua Substances, 
Gum or Dextrin 


Ofi/jr — in lOO/Kirfs (ffl/hrr Tcm Biftt'a). 
Ontnieal. , 

pX': ; : 

Starch, 


12-330 
1 524 
14-547 
3-500 


Oatmeal. 

2-243 

«- 82 a 

59-027 


Tl»e quantity of fat is very great in oats, 'fhe fat is bro-wn-vellow, and more fluid than that 
of wheat or barley* Tlie mineral constituents are very much tne same as in the other Cerealia. 


t Maize (Indian Varn-caUed Mukka in India)— in 100 ^rti 

Water, 13*5 j Starch and Dextrin. . . 64*5 

Nitrogenous sttbstanfie, 9 9 I Cellulose (from the bran), . 4*0 

Fat, 6-7 I Ash, 1*4 

The amount of fat is very great. 


Potash, 
Soda, . 
Msgnesia, 


fn 100 parte of Ash (Stetf). 

. ^80 Ume, 

. 3*50 Phosphoric acid, . 

14*90 Iron, Sulphuric Acid, and loss, 


«*82 
44*97 
1 51 
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much passes out undigested.* My friend, Dr Johnston (26th regiment), has 
communicated to mo the particulars of an outbreak of diarrluBa in a military 
prison clearly due to badly cooked maiza It should be soaked in water, but 
not too long (2 to 4 hours), and then thoroughly boiled for several hours (4 
to 6) at a ratlier low heat. Maize cakes are both jmlatablc and nutritious. 

Mye makes a very acid dork bread, which causes diarrhoea in those un- 
accustomed to it ; custom, however, soon romeditis this, and, as far as nutritive 
value goes, it appears equal to wheat. It contains less vegetable hbrine, and 
more caseiu and albumen, and a j^eculiar odorous sul>stance. 

Dmases connected with Maize and Rye, 

It is presumed tluit alterations in the flour will ]>roduco the same diseosas 
as in the analagoiis case of wheat. Eigotisui is, however, more common in 
rye than any otln?r grain. Tlie Pellagm of liOinbanly has lieeu ascrilKHl to a 
fungus (Verderame or Vordet) fonnbig in the nmizt). Many volumes, with 
different statements, Iweii written on this jxunt, and it is still doubtful 
whether or not the Venlet has this effect. The evidence is not sufficient, but, 
on the wliole, seems to me most in favour of the view wliich connects 
Pellagra with diseased maize. 


SECTIOX VI. 

RICE.t 

The whole grain (paddy) deprivtHl of the husk is stdd ns rice. Tliere aw? 
many varieties, of diffeiviit colours (whik\ ml, brown?) and comjxisition. llie 
amount of nitrogenous matter varies gnsally fw>in 3 to 7*5 pr cent of the 


Water, 

Albiimeii, 

Sutwtaaeefi inchideU under gluten, 
Gtun or Dextrin, 

Sugar, 

Fat, .... 
Starcli, 

Celhilose, 

For the salts, see the other Uhle. 


In (.\f ftye jimr ami /{j/r-ffrau i IVm Hihnt). 

Flour ivith UtUv limn. 
14S 
1 *.W* 


lo-mi 

4‘\m 

8-4«5 

64-2S11* 


Bran. 

irr820 

2*liJO 

15U41 

10-400 

1*860 

4720 

21*085 

28*5.^1 


Amount />/ Ash in IW of Bye flour ^2.— In 100 of Ash i Vmi Bitmt). 


Potash, 

Soda, 

Magnesia, 

Linje, 
Phosphoric Acid, 


2»'87 t<. 87-64 
8-86 to O-JiOO 
10 77 to 14*87 
1-84 to 2*68 
60-86 to 42 


Hilicate of Ahiiuina. . 1 *44 

Oxide of Iron, and Bttl- 
X»huric Arid, . . 2*38 


♦ f^,^tpe^lly on this point, Ldward BmitVs Exi>erinicnts on Prisoner in Coldl>aUo 
fields.'' The was partly maize, and 40 or 60 grains of nitrogen were passed daily bv the 
iiowels, no doubt from undigested food. j 


t Riceflour { Van Bitnra), in 100 jhitU (without salts). 


Water, 

Albumen, . 

Other nitrogenous matters, 
Gum or Dextrin, 

Sugar, 


14 

0*050 

7702 

1*570 

0*890 


Fat, 
Starch, 


0*900 

75-918 

10?000 


'Hie amount of nitrogenona sttbatance is greater than usual 

The to from -a to -86 per cent. ; potaeh, magneein, awl T<hoaplioric aekl are the 

main ingredients, as in the o4her Oerealia. * 


♦ A little eeUfikiMC sUll wlih the wtaicli. 
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moist grain. As an article of diet, it has the advantage of an extremely 
digestible starch grain, and, like the other Cerealia, there is a great admixture 
of substances ; it is, however, poorer in nitrogenous substances tlian wheat, 
and is much poorer in fet, consequently, among rice-feeding nations, legu- 
minous seeds are taken to supply the first, and animal or vegetable fats to 
remedy the latter, defect. Rice is also poor in salts. 

Cookhuj of like , — It should pro|)erly be steamed, not boiled, and the 
steaming should be thoroughly done, else the shirch-grains are not swollen 
and digestible. If boiled, it should be for a long tiimi at a low temperature ; 
the rice (or conjee) water contains some albuminous matter, and the grain loses 
in nutritive [)ower. 

Choice of Rice , — The grains should Ik? clean, without grit ; the individual 
grains without spots, or evidence of insects. Tlie size varies much, according 
to tiie kind ; the large kinds usually comman<i the higliest market price. 


CoinjMirieon of the foregoing Grahu — Order of Richness. 


NitT<iptnu)ns 

Bulxtitfinces. 

Fat. 

Starch, kc. 

Halts. I 

1 

Wheat, 

j ^laize. 

Rice. 

Barley. 

Barley. 

( Oats. 

Maiz<). 

Oats. 

Rye. 

Barh*v. ' 

AMieat. j 

Wlieat. 

Oats. 

Rye. ‘ 

Kye. 1 

; Rye. 

Maize. 

Wheat. 

Oats. 1 

i ^^aize, 

Rice. 

Kic<?. 

Itarlcy. i 

i 

Rice. 


SFXTION VII. 

MILLET, RAGGY, BUCKWHEAT, GRAM. 

Various other grains belonging to the Cerealia, or to other natural orders, but 
Imving similar properties, are us(hI .os food in different countries. Of these, 
the alxn'e named an* chiefly those tin? medical officer may have to report on. 

Millet is used largely in Africa (west (!oast), and Algeria, in Italy, Spain, 
Portugal, some jarts of India, ('hina, A’c. 


EiigUsh Names. 
Common millet, 

Small millet, 

Spiked millet, 
(Toldon-colourcKl millet, 
Italian millet, 

German millet, 


Botanical Names. 
Panicum miliaceum, 

{ Sorghum or Paniciun 
vulgaro, 

Peuicillaria apicata, 
Sorghum saceharatum, 
Sotaria Italica, 

Sotaria Germanica, 

Elensine Corocana^ 


Indian Names. 

I Saweo t’hennawareo 
I (Hindustani). 

(Varagoo (Tanml). 
f Dhurra (Arabic), 

•? Cliolam (Tanml). 

I Joar or »Towre« 
j Bfijm or Baji*ee (Hind.) 

( Cumboo (Tamul). 

( Kala kangni (Hind.) 

( Tenay (Tanml). 

Raggee or Raggy (Hind., 
, Canan>so, and Tamul). 
Murha and Maud in the 
N. Prov, of Hindustan. 
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fho table sufbcietitly expresses the coxapositiou of most of these.* 


hi 100 FarU of Mml {freed from Bran). 



Panieum mitiaceum 
(Common Millet). 

PetHciliarw u^aia ; 
m kind of Millet 
mncli need In In'* 
dia under the 
name of Bf\}ra 

Sorghum vulgurt, 
Dhttira of the 
AralNKdoar or JcK 
waree of India. 

Water, 

12*22 

11*8 

11*95 

1 

1 

s 

1 

f 

9-27 

10*13 

8-64 

Dextrin, . 

9*13 


3*82 

Sugar, 

1*80 

» - • 

1*46 

Fat, . 

7*43 

4-02 

5*9 

Starch, 

59*04 

71 •75 


Silica, 

0*11 




The ash is about 3 per cent, in Panicuin, 2*0 in lViii<*illaria, and 1*7 in 
Sorghum. When freed from sUica, which is present in large amount, the asli 
contains 20 per cent, of iwhish, 24 of magnesia, a little soda, no lime, and 
about 50 per cent, of jihosphoric acid. 

lie other millets {Seiunn gennanica and Partienm sanguinalc) are very 
similar in constitution. 

IVIillet bread is very good, and some was issued to the troops in the last 
C liiua exjHidition. lliis should always l>e dune in a millet country, if wheat 
or barley cannot Ix^ got. 

pi* liag<H*, Miirha and Maud of the up{x?r juovinces {Eleutfine Orrocana), 
a millet, is largely used in 8oiithern India (Alyson*), and in some ])arta of 
Northern Hindustan, and is consideri'd evtm luon^ nutritive than wht^tt It 
is very indestructible, and can 1x3 preser%'ed for many years (even sixty) ui 
dry grain-pits. 

Euckwheat and Oram are not so likely to lx? used. The former is jxjor in 
niti^genous substances and fat, but mak<*s a fair tasting bread. 

Gram bit*ad or cakes have Ixs?!! occasionally iis<*d in India for Euro|X)au8, 
and this use might be extended ; the* cakes an? palatable, and extremely 
nutritious, as may be seen by the tabli?s. 

Polygonum Fagopyriim^ or Fagopymm nsculnntnmX (Buckwheat), used in 
soim? jiarts of llussia. 

In 100 parts. 

Water, . . 12.754 Sugar, . 0*914 

Nitrogenous substances, 2*045 Fat, .... 0*943 

Dextrin, . . . 2*850 Starch, . ! 79*^4 

The ash is about 1*09 t>er cent., and contains chiefly {»utash, magnesia, and 
phosphoric acid, 

€ker arictinum (Gram or Gram — Dholl of India). 

In 100 parts without husk. 

Water, . . . 11*30 Standi, , . 03*18 

Nitrogenous matters, . 22*70 Mineral matter, 2*00 

Fat, .... 3*76 


The native of the Indian Min» and pitlsetf used, exiwially in Hoathem India, um 
given Mly m a Jiaper by Mr Elbot {Minkrah Phuk^ical JmrHfU, July 1S02) ; and 
aliio in Mr (ximwh'a excclleiit pa|xsr iMadras Medkal Juurml, Kelmiary IS64) ^ ^ 

^7^***, WaWm’K a^lniimhle pajier can U comulted ; 
is? by Mr KUiot, and Dr Cortimh, alrcMidy referred k). 

Other epeciee of Buckwheat are P. fartorima and P. 
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SECTION IX. 

LEGUMINOSiE.* 

Tho Legummosae, in respect of dietetic proi>ertie8, are broadly distinguished 
from other vegetables by their very large amount of nitrogenous substance, 
called legumin or vegetable casein. The advantages of peas and beans as 
articled of diet are the grmt amount of tliis substance, and the existence of 
much sulphur and phosphorus in combination with the legumin ; in salts 
also they are a little richer than the Cerealia, especially in potash and lime, 
but are rather poorer in phosphoric acid and magnesia ; 1 ft) of peas contains 
about 168 grains of salts, llie disadvantages of peas and beaus are a certain 
amount of indigestibUity ; about 6*5 jK3r cent, of the ingested pea passes out 
unchanged, ami starch-cells, giving a blue reaction wuth iodine, are found in 
tho faeces ; much flatus is also prsluced by the sulphunitted hydrogen formed 
from the legumin. Still, they are a most valuable article of food, and are 
always to be use<l when much exercise is taken, as they are an excellent 


• CofHpoftition o/ thr f>ru'd Gnihi. 



I*isum sativum — 

Phaseolus rulgnri* 

Victa Faba — Com- 


l*en». 

— Kidney Bean. 

mon or Broad Bean. 

Wat<5r, 

Leguinii), albums), and gluiendike ) 
substanwa, . . . . J 

14 5 

16. 

12-8 

22’3 

22-5 

22- 

C'ellulOHe, 

4-9 

4 4 

5- 

Starch and Dextrin and Su^r, . 

62-6 

49-9 

52-8 

Fat, 

Chlorophyll, .... 

2* 

2- 

1-6 

1-2 

... 


Salts, 

2.4 

2-4 

2**5 

Potash, 

•86 

•98 

•62 

StKla, ...... 

*16 

'24 

•34 

Lime, 

•1 

•23 

•15 

Magnesia, 

•18 

•18 

*2 

iron, 

•0*23 

1 -001 

•03 

Phosphoric acid, 

Sulphuric acid 

•85 

i *64 

•9 

•077 

•07 

•08 

C’hloride of potassium, 

•067 


... 

Chloride of scHliuin, 

ndoriiie, 

•041 

’*’()25 

**•*06 


Chief Indian Pt^as and Beans (after Forbes Watson), in 100 part.s (without husks). 




Water, . 

11-79 

10-63 i 

12*44 

10-25 

1203 

11*84 

Nitrogenous substances, 1 

27-96 

22*18 1 

24-73 

88-83 

23 -2/ 

2516 

Fat, . . . 

M7 

l-95t i 

1-86 

10-51 

2-20 

1-26 

Starch, . 

mm 

6213 

68-76 

26-66 

69-88 

5985 

j Mineral matters, . 

2-48 

8*11 

317 

4-14 

8-19 

1*92 


f A aH In often tnixeA with the Dholh which tncreene* the ftuty mirtter to » or 4 per eeirt, 
I Not liked hy the Hlndun, on tccoutit of Ite red Moodalke colour. 
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addition to meat and Cerealia. Both men and boasts can be nourished on 
th^ alone for some time. Added to rice, they form tlie staple food of laige 
populations in India. Mr Cornish mentions that, in the Sepoy corps, the 
men are much subject to diarrhoea from the too great use of the “ dhoU*' 
{OajanuB indicm). 

Choke of Pea, — By keeping, peas lose their coloip, become very pale 
and much shrivelled, and extiemely hanl Anything like decomposition, or 
existence of insects, is at once detected. The i>owder does not keep very 
long ; the whole peas should be split. 

The microscope should l>e used to detect the Acarus. The characters of thf’ 
Pea and Bean Starch are given at page 178. 

Cooking of Peae anti Beans'. — They must be boiled slowly and for a long 
time, otherwise they are veiy indigestible. If old, no amount of boiling 
softens them ; in fact, the longer they are boiled the harder they l)ocome ; 
they should then be soaked in cold water for twenty*four hours, crushed, and 
stewed ; in this way very (dd [Hjas may bo made digestible and palatable. 
Chalk-water must be avoiiled in the case of ])eas as of other vegetables, as the 
lime-salts fonn insoluhle compounds with the legiiuien. 

Lathy ms sativus (Kassaree dholl of India). — Occiisionally in Europe, and 
constantly in some parts of India, this vetch lias Ixicn used when mixed with 
wheat or barley flour for bread. “VVlien used in too greiit (piantities, it produce.^ 
(without there Ixdng nccessiirily any alteration of the grain?) paraplegia. In 
Bengal, near Allahaliad, Dr Irving* foimd in .some villages no less than from 
10 to 15 per cent, of the people paralytic from thus (iause. 

From its composition it wouhl not aj>pear to Ixs innutritions. Without 
husks, it is composed of — 

Nitrogenous substances, 27*06 Ash, . . . .2*48 

Fat, . , .1*47 Water, . .11*72 

Starches, . , 56*30 


SECTION X. 

SUCCULENT VEGETABLES. 

Almost all other vegetables are used, not so much on account of nutritive 
ijualities, as for the supply of salts ; some of them, however, contain very 
digestible starch and sugar, or other substances, such as pectin or asfioragin, or 
|>eculiar oils which act as condiments, as in onions. 


SuB'Section L — Potatoes (Solan um Tuberosum). 

The composition lias been already given (p. 142). Tlie salts are note<l below.f 
It will be observed from these, and from the tabitjs already given, that the 


* Indian Annab, 1857. 

t —Percentage amount of ash 1* to 1 ‘5. Mineral conatituenta in 100 of aah. 



(Way.) 

(Fromherg.) 


(Way.) (Fromherg.) 

Potash, 

46*60 

50*23 

(Chloride of sodium, 

8*43 

Boda, 

0 

8*7 

CariH)nic aiid, (fmnr 

1 

Magnesia, 

8*70 

4*4 

the incineration of 

yia-ao 

Ume, 

4*54 

0*88 

of organic acids, 

f 

ITiosphonc acid, 
Bulphuric ,, 

Chloride of poiaasiam, 

18*80 

10*10 

Oxide of iron, . 

I 

4*66 

14*67 

11*76 

Silicate of alumina, 

X*05 


The carbonate of potash ta produced in the Incineration from the vegetable salt# (citrate, 
malate, tartrate of potash). An anaiyaia of Vogel’a gives no lean than 21 per cent, of carhemate 
r»f fwtaah. and 34 ner amt. of ciurlyonate of soda in lOO of ash. 
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amount of potash and phosphoric acid is not so great as in some other sub- 
stances; the true use of the potato is probably to be found in the large 
amount of salts (malates? tartrates? citrates) which form carbonates on in- 
cineration. The juice of tlie potato is acid. There is no better antiscorbutic 
than potatoes, and its starch is very digestible. The citric acid is combined 
with potash, soda, and lime. 

As the amount of salts is small, and that of water large, at least 8 to 12 
ounces of potatoes should bo taken daily if no other vegetables are eaten ( = 8 
ounces at 1 per cent, of salts contain 35 ; at 1-5 per cent. = 52*5 grabs.) 

Choice , — Potatoes should T)e of good size, firm, cut with some resistance, 
and present no evidence of disease or hingi. 

A still better judgment may be fonnocl by taking the specific gravity, and 
using the following tables : — 

Potatoes , — The soli<l.s can be determined by taking the specific gravity, and 
multiplying it by a factor taken from the table l^elow, the result is the per- 
centage of solids ; — 


lOGl— 1008 

10 

1 1105-1109 

24 

1000--1074 

18 i 

i 1110~. 

-1114 

20 

]07.'i—1082 

20 i 

1120—1129 

28 

1083—1104 

22 

i 1115- 

-1119 

27 


If the starcli alone is to bo tletermiiUMl, deduct 7 from the fiictor, and 
multiply the specific gravity by the niimher thus obtained, the result is the 
percentage of starch. 

If the specific gravity of the jvotato is : — 


Ik'low 

1008 

The quality is very bad. 

iletvvecn 

1008—1082 

„ inferior. 

Ik'tween 

1082—1105 

„ lutluT poor. 

Above 

1105 

good. 

Above 

1110 

,, best. 


‘ ‘ ‘ ‘ ^ ~ ^ , j. c:; A A u u H - 

As, however, the medical officer will seldom have an hydrometer which will 
give so high a sjwcific gravity, and must work, thendore, with a common 
urinometer, the following plan must l>e adopted : — Take a sufficient (][uantity 
of water, and dissolve in it J an ounce or an ounce of salt, and take the specific 
gravity ; then add another i ounce or ounce, and take again the specific 
gravity ; do this for two or tW.e times, so as to get the increase of specific 
gravity, for each addition of a knoum quantity of sidt ; then add salt enough 
to bring up the sjxncific gravity to the <lesiroii amount, lids is, of course, not 
([uite accurate, but m the absence of proper uistnuncnts it is the only plan I 
ciui devise. 

Cooking of Potatoes . — The skms must not be taken off', ora large amount of 
salts passes into the water; using salt water is a gooil plan, as fewer of the salts 
then pass out The lioiling must lie complete, as the starch-grains are other- 
wise undigestcH.!, and it must be slow, else the cellulose and albummates are 
hard. Steaming jiotatoos is by far the bc*,st plan ; the heat must bo moderate; 
the steam penetrates everywhere, and there is no loss of salts, 

Presermiim of Potatoes, — Sugar, in the form of molasses, is the best plan 
on a large scale ; a cask is filled vriih alternate strata of molasses and peeled 
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and sliced potatoes. On a small scale, boiling the potatoes for a few minutes 
will keep them for some time. Free exposui’e to air, turning the potatoes 
over and at once removing those that are bad, are useful.* 

The preserved potatoes are sliced, dried, and granulated, and when well 
prepared, are extremely useful. 


Sub^Section II. — Sweet Potato (Convolvulus Batata). 


Composition per cent. 



Water, . G7*5 to 73 

Albumen, . 

1-5 

Starch, . 13 to IG 

Fat, . 

•3 

Sugar, . G to 10 

Salts, 

2-9 

Pectic acid, . 1 *2 

Cellulose, 

2-5 


This vegetable is very ricli in sugar and in salts. It may he usefully 
employed for soldiers, wherever it can be procum(i, in lieu of i)otatoes, for 
some time. 


Sub Section III. — Yam (Dioscoiira Sativa). 
Composition — 


Water, 

Albuininates, 

74 

Pe<‘iin, 

2.8 

2 

Cellulose, . 

2.2 

Starch, 

IG 

Fat, . . 

•5 

Siigar, 

*2 

Salts, 

1-3 


This also is an useful vegetable, though iiiferior U) the potato and Imtata. 
It is laigely used for soldiers in the West and East liidif^s. 


Sub-Section IV. — Other Vegetables. 


The com]">osition of Carrots ami of Cab*bage luus Irhuj almidy given (p. 142). 
Two or three of the more coiainon may l>e added — 



Water, 

Albumen 

and 

Caweiii. 

Slurch, 
Hugar, and 
Dextrin. 

irZi' 

Mineral 

SuliHtanrea. 

Turnip (Bramcn \ 

rnpfi), . . / 

Parsnip {Pastinaca ) 
sativa^ . . j 

Jerusalem artichoke 1 
Heikmthm hihe- \ 
rom»^ . . ) 

90-5 

82*04 

70*35 

M 

1*215 

0.9 1 

40 

6-389 

19- 

0-546 

0-9 

1 

1 

2-4 

8-022 

1-22 

0- 5 

1- 041 

1-61 


Other vegetables contain sjxscial ingredients, such as asj)aragin in 
(a wnall amount is also contained in potatcxis), wax, pc*ctin (CJI^O^), wluch is 
a little more oxidized than starch or sugar ; or |M*cu]iar oils and savoury or 
odoriferous matters. 

On account of its volatile oils, the onion triU*. is largely used, and is a 
capital condiment, and whenever practicable sliouhl l>c ub(mL 


I. ^**^*^’ ^ considemWe lorn of wnt np to BaUklava, ml At 

^ ^ *wldition of migir to the row ptttatowi 
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Oiiion contains some citrate of lime (for Dried Vegetables, see page 216). 

There are many vegetables which can be employed as antiscorbutics 
besides potatoes, onions, and green vegetables. The wild artichoke, the 
Agave anwrleana (cactus), are both excellent antiscorbutics, and the latter is 
said to l>e better than lime juice. Sorrel, and in a less degree scurvygrass and 
mustard and cress an3 useful. 

In war, almost any kind of vegetables may be used rather than that the 
troops should bo left without such food. In one of the Cafl're wars, an 
AlHcan corjis k(i])t free from scun^y by using a sort of grass (?) in their soup. 

The dried vegetables, and especially the dried i>otato, have considerable 
antiscorbutic powers (Armstrong*). The dandelion was largcdy used in the 
French anny in the Crimean war. The American Indians put up for winter 
quantities of dried plimis, hufi’alo herries, and choke berries, and escape 
scurvy {IJaniUton's Mil, Surg. p. 212). 

If vegetables cannot be procured, citrate, tartrate, and lactate of ijotash 
should Iw given! 


.SECTION XL 
MILK. 

A cow gives veiy variable quantities of milk, according to food and race ; 
perhaps 20 Uj 25 pints in twenty-four horns is tlie avcjage. A goat will give 
6 to 8 j lints. 


Sub-Section L — Milk as an Akticle op Diet. 


Milk (‘oiitains all the four classes of aliment essential to health. Being 
intendwl es[)eeially lor feeding during growth, tlie proportions of nitrogenous 
substances ami fat, as coin]>anMl to sugjir, are. large. 

Avemge (Hunixisition of unskimmed milk. A certain projiortion Ixjtween 
the casein, fat, and sugar must exist. 


CmLdlly . 

Per (‘i'tii. 
SiH'citic (rmvil 

mo 1020. 

4 3 

Fat, 

3*7 

2-5 

Lactin, . 

5 

3t) 


Per t^ent. 


8alts, 

Total solids, 

Speoilic Granty 
1030 1026. 

•6 -5 

13-3 

9-9 

Water, . 

86-7 

901 


Hie amount <d‘ salts varies from *5 U) *8 |K»r cent, but seldom, if ever, 
exceeds 1 ptu’ cent. Thi.s is of imjxirtauce in tlu‘ detection of adulteration by 
salts. In jHHir milk, lh<3 salts may Ih 3 as low as -3 per cent. 

Milk is very largely used in some countries ; (‘Sp(*cially in India and Tartary, 
where the use of the koumiss, prepared from mare’vS milk, has iH^en siqqiosed 
to plt^vent phthisis. 

Milk varu^ in quantity and composition acconiing to — U*/, the age of cow ; 
2</, the numlit^r of poignancies, less milk being given with the first calf 
(Hassall) ; Bfl, to the agii of the calf, Wing at first largely mixed with 
colostrum ; 4//<, to the time of day, being slightly richer in solids in the 
moniing (Hiissall) ; 5M, to the kind of fwnling, beet and caiTot augmenting 
the sugar ;; and remorkiibly, accortling to the race, some cows giving 
more fat (as Aldemeys), others more casein (as the long-lioms). The last 
portion of Uie milk given in milking is richest in cwmi (Hassall). 

• Naval Hygiene, p. 1 12. In the Amencun war, however, the wntiscorbatic effects of the 
dried vegetables have not been found to be very great. 
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The goat’s milk is rather richer in solids (14*4 per cent. — Payen), and con- 
tains also a peculiar smelling acid (hircine or hircic acid). 

Ass's milk is rather poorer in solids (9*3 per cent. — ^Payen.) 

The buffalo milk is richer in all the ingredi(?nts. 

Taking the total solids of cow's milk at only 10 per cent, (specific gravity 
1026), one pint (20 ounces) will contain, in round numlwrs — 

Casein, 262 graina 

Fat, 217 „ 

Lactin, 341 „ 

Salts, 43 „ 

Total, . . . 803 „ 

or very nearly 2 ounces avoir, of water-free food. 

To give 23 ounces of water-free food (or (me day’s allowance for an adult), 
rather more than 11 pints of milk, of specific gravity 1026, are necessary. 
For an adult this would be far too mncli water, and the fat would l)e in great 
excess. Hut for the rapid foniiation and elimination of the young, the water 
and fat are essential. It is a (juc^stion wliiither, in old age, large (quantities of 
milk might not he a lemedy for failures in tissue formation and elimination.* 

Sub-Section II. — Alterations of I^Iilk. 

The cream rises in from four t(> ten hours ; it is hastened by adding warm 
water, but its (piantity is not inerea^^ed (Ilassall). 

Milk alters on standing ; it absorbs oxygcui, and givtjs off carlxmic acid ; 
placed in contmit with a volunu? of airgn^atcr tlmn its owii bulk, it absorks all 
the oxj'gen in three or four (la 3 ^s (Hopj»e). The (^arkmic acid is fomied at the 
expense? of the organic matter (probabl}- casein — H(>p|K‘), and Ixxiies richer 
in carlx)n and hydrogen are formed ; fat increases in amount, and oxalic acid 
is said to be foruuMl. 

Subsecquently lactic acid is found in largo (quantities, the milk l)ecx>mes 
turbid, and finally ca.sein is (lejKisited The cream which had previously 
risen to the surface (lisa[)qiears. 

Milk {flcen hi/ Dimiml Coirn. 

Milk from diseased animals .soon (lecomq>oses ; it may contain colostnim, or 
hcaq^s of granules coll(?cte<l in roundish masses, qms c^dls, or epithelium, and 
occasionally bkxxl. It then soon Injconios acid, and the microscope detects 
usually abnormal cell forms, and casts of the lacUial tulx»s. 

Sub-Sfx:tion III. — Examination of Milk. 

This is intended first to determine the quality. Put some of the milk in a 
long glass, which is graduated to 100 parts ; an 100 centimetm or litw? 
measure will do, or a glass may be sj)ec.ially pnipaitid by simply marking with 
compasses 100 eiqnal lines on a piece of q)aqHjr, and gumming it on the glass. 
Allow it to stand for twenty-four hours. By this moans the fHiixjontage of ermm 
can be seen, and the presence of deposit, if any, ohsfinuxl There should be 
no deposit till the milk decomiK)8eH ; if there lx*, it is q)robably chalk or starch. 

The cream should l>e from jf^rths to i it is giumrally al>out ? 

in the milk of Alderney cows it will reach ^(fths or Tlie time of 

year (as influencing pasture), and the breed, should Ik? considered. 

While this is going on, determine— 

* This wmt ft point MmiM fiy Galon, m oM is this It io still gome 

oM persofw cannot digest millt. 
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1. r/w? Phyeieal Characters . — ^Placed in a narrow glass, the milk should 
be quite opaque, of full white colour, without deposit, without peculiar smell 
or taste. 

2. Reaction . — Reaction should be slightly acid or neutral, not alkaline ; if 
alkaline, either the cow is diseased (?), or there is much colostrum, or car- 
bonate of soda has been added. 

3. Speeijk Gravity . — Tlie specific gravity varies from 1026 to 1035. A 
very large quantity of cream lowers it, and after the cream is removed, the 
specific gravity may rise. The average specific gravity of unskimmed milk may 
be taken as 1030 at 60® Falir., and the range is nearly 4® above and below 
the mean. 

The addition of water is best detected by the specific gravity. No doubt, 
the method is not pc^rfect, but its ease of application strongly recommends it. 
The followi|fg hible shows the specific gravity at GO®, with the addition of 
difiereut quantities of water, as determined by several ex]>ormients. : — 


Original specific gravity 
0 milk, + 1 water 





Hpecific Gravity. Si>ecific Gravity. 


1030-5 

1026 

1027 

1023 

1025 

• • • 

1024 

1019 

1021 

1017*5 

1018 

1016 

1015 

. . . 


4. Emmdne rlwmkaJhj fttr ih> Amount of the Different Constituents — 

{(i.) Total S<fllds. — Evaj>omte a known W'eiglit to dnmess, and weigh. 
Oalculate the j)t?rcentage. The heat must not exc(3ed 240® Fahr. As it is 
difficult to dry it thoroughly, a known quantity of sulphates of baryta may 
1)6 added to separab^ the {>artiele8. Tlii.s is not, however, necessary. 

(k) Ash . — Jiicinerdte tli(^ total 8oli<ls, and weigh. 

{c.) Cmelu . — Take a weighed or measured quantity ; add two or three 
drojKS of acidic acid, and boil. Add a gotsl deal of water ; allow to stand for 
twenty -four hours ; ])uur off the sujH‘rnataut fiuid ; wash the precipitate well 
with ether at 80® ; dry, and weigh. Caleulate the percentage. 

UL) Evaporate the ether, and weigh the fat. This inquires care, however, 
ana the same njsult can In* given by the employment of an instrument callecl 
a lactoscojK*!, which measures the degre^e of traiispanmcy. The lactoscope of 
DonniJ hm Wn lab'ly improved hy Vogel, and this simple plan can bo 
recommended for ascei^iining tln^ amount of fat iu milk. 

Vogi^rs instnunent cimsists 4 if a little cup, funned by two parallel pieces of 
glass, distant ^ a ceutinietiv ( 1068 incbe.s, say -^(fths of an inch) from each 

otlier, mid closed eveiywherc except at the t4)p, so as to finmi a little vessel ; a 
glass gniduated to l(K) C,(?., and a little pijKdte, ^vliich is divided to J C.C., art^ 
also requind. Water (UK) (\(^) is placiMl in ttie measunsand 2 or 3 C.C. of 
milk (which should be first agitaiid, so as to mix any stqiaraied cream) are added 
to it, Tlie fiarolltd glass cup is then tilled with this diluteii milk, and a candle 
placed alxiut 1 metre from the eye ( = 39%37 inches) is looked at ; if the candle 
is seen, the milk is pourt^l hack inUxtlu^ large measim? ; moiv milk is added to 
it, and it is poured agtiin into the i)arallel ghiss, and the light is again looked 
at ; the exix*riment ends wiien the contour of the light is completely obscuied. 
The caudle should 1)6 a good one, but the difference in the amount of light is not 
materiaL The percentage amount of fat in the milk is then calculate by the 
following formula (which lias been determiiKHl by a comparison of the results of 
the instrument, and of chemical analysis) : x Iwiag the quantity of fat sought ; 
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and m iha nuin'beT of C.C. of milk, which added to the 100 C.C. of water, 
suffice to obscure the light. 

id 

If, for example, 3 C.C. of milk, added to the 100 of water, were sufficient 
to obscure tlie light, the percentage of fat is — 

X = 4- *23 ~ 7*96 per cent. 

o 

From this formula, the following tfible lias lieen calculated, which enables 
us to read off at once the }K‘rcontage of fat : — 


C.C. 

MUk. 


Pfireent ! 
of Fat. in 
the Milk. 


C.C. 

Uilk. 


Per cent, 
of Fttt in 
theMlik. 


1 to 100 of waterobscures the light = 23*43 ' 14 to 100 of water obscures tlie light =• 1 *88 


1*5 


99 

16*46 

15 


99 

1*78 

2 

»> 

99 

11*83 

16 

»♦ 

99 

1*68 

2 r ) 

99 

99 

0*51 

!17 

♦1 

99 

H )0 

3 


99 

7*96 

18 

99 

99 

1*52 

3*5 


>» 

6*86 

19 

99 

9^ 

91 

1*45 

4 

>1 


6*03 

20 

99 

1*39 

4*5 

>» 

99 

5*38 

:22 

99 

9* 

1 28 

5 

9* 

99 

4*87 

24 

99 

99 

1*19 

5*5 

99 

99 

4*45 

26 

99 

99 

1*12 

() 

99 

99 . 

4{)9 

28 


19 

1*06 

6*5 

99 

99 

3*80 

:io 

19 

99 

1*00 

7 

99 

99 

3*54 

35 

99 

99 

0*89 

7*5 

99 

99 

3.32 

,40 


19 

0*81 

8 

99 

99 

3*13 

45 

99 

9* 

0*74 

8*5 

99 

99 

2.96 

50 

99 

»' 

0*69 

9 

>» 

99 

2*80 ‘ 

55 

99 


0*64 

9*5 

99 

99 

2 * 77 : 

60 

99 

99 

0*61 

10 

99 

99 

2 * 55 ; 

70 

19 

99 

056 

11 

99 

99 

2*431 

80 

99 

19 

0*52 

12 

99 

99 

2*16 • 

90 

99 

99 

1*49 

13 

99 

99 

2 01 

100 

99 

99 

046 


If, for exami>lc!, 1 cubic centimetre of milk to 100 of water, obscures the light, 
the percentage of fat is 23*43 ; if 8 cubic centimetres, added to 100 of wakT, 
are needed to obscure tlu? light, the pfinientage is 3*13, <fec, ; so that in four 
or five minutes, an analysis of the milk is marie, as far as the fat is con- 
corned. 

The arlvantage of this is obvious, both in detecting the removal of cream, 
and in seeing if milk is rich in butter. 

(c.) Determine the amount of lactin by the polnriscojK^, or by the copjMsr 
solution. To do this, take 10 C,(y, of milk, fn^e it fn>m cafwun and fat 
by lioiling, and the arldition of a very small quantity of ^ncudic acid ; then a<ld 
90 C.C. of water. The whey Inung filtered, and the quantity known, put it 
into a burette, and drop it into a boiling solution of 10 C.(X of standaid 
copper solution, diluted with wakir, until the fluid is colourless, ?.s., until the 
blue colour disappears, and yet no yellow is s<?eu. liml off thi» amount of whey 
used, and divide by 10 ; the result is the amount of milk which exactly de- 
comyioses 10 C.C. of the copiH‘r solution. The 10 C.C, of the copper solution 
equal 0*08671 grammes of lactin. The amount of lactin in the 10 C.C. of 
milk, is l^en known by a simple rule of tliree ; and the amount in 100 C.C. 
^ obtained by shifting the decimal point one figure to the 
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Preparation of the copper solution, — ^Take 34*04 grammes of pure sulphate 
of copper, and dissolve in about 200 C.C. of water ; dissolve in another vessel 
173 grai^es of tartrate of soda and potash, in 480 C.C, of caustic soda (or 
potash, if the caustic soda, as is probabfc, is not in the surgery) ; mix slowly, 
and dilute with distilled water to one litre. 

1 C.C. — 0*005 grammes of glucose 
1 C.C. = 0*008571 grammes of lactin. 

5. Examine the milk rnkroscopimlly , — The only constituents of milk 
are the round oil globules of various sizes, and a little epithelium. The 
abnormal constituents arc epithelium in largo amount, pus, conglomerate 
masses, and casts of the laciteal tubules. The a<lded ingrc^litints may be 
starch grains, portions of seeds, and chalk (round and ofkiu highly refrac- 
ting bodies, with often a inark(*Ai double outline, and at once disappearing 
in acid). 

Srherne for n Shfoi Exam! nation. 

As a medical officer i.s constantly called upon to examine milk, and will 
seldom have time to go thoroughly into all the points just noted, the following 
sliort scheme will he usidiil : — 

1. Put some milk into the long glass for deposit, and for determining per- 
centage of cream. 

2. Take physical charachirs, reaction, and specific gravity. 

3. Deh'rmine fat by V^igels milk t**st. 

The comparison of the s[)ecific gra\'ity, and the amount of emun which rise.s, 
or of fat, M'ill he found to give, in conjunction with the physical characters, 
a very good ide^ of the ([uality of the milk. 

8uB- 8KCTION IV. — PllKSERVATlOX OF IMfLK. 

1. Boiled, the bottle (piite tilled, and at once corked up and well sealed, 
the milk lessens in bulk, ami a vacuum is formed above. It will keep for 
many months. A little sugar aids the preservation. 

2. Sulphurous acid ]>assod through it, or sulphite of soda added. This 
may be done afU^r boiling. 

3. A little carl)onate of scsla and sugar added, *witbout boiling. This will 
keep for ton days or a foil night. 

In the market are — milk in tins, pn?served, in the usual way, by exclusion 
of air, ami dt^sicattAl milk. This bust is milk carcfully dried at a low teni- 
jierature, wdth prolmhly a little sugar. Dissolved wtdl in water, it fonns an 
excellent milk (see (’onceiitniUHl Fo(k 1, p. 216). 

The preser\*e<l liquid milk ofhm h;is the butter siq>arated ; if so, it may l>e 
spread on bre^ul. It is not wisy to renu.x it with the milk,* but it is said 

• A sample of French presenvd milk, which I examined in 1862, was a goal specimen of its 
claw. It wa» in a glaw iKatle, well corkwl ami sealed. The hvitter wa.s separated, and con- 
stated of 96miiuii of fat and 4 of casein, fier cent. The liquid, without the butter, had a specific 
gravity of 1039. The milk had a pleasant taste, and was very feebly acid. In a few hours the 
acidity increased, and in forty-eignt houra Uie casein had seiJaraUHl. The i>ercentage composi- 

. 4140 
. 4-230 
. 6-460 
•804 
. 86*366 

100*000 

This milk had apparently been preserved simply by boiling and corking the bottle while the 
milk was hot, it had kept periWtly fitiah for more than a year. 


Fat 
taicetin 
baits 
Water 
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that the separation may be prevented by adding a little yolk of egg to the 

wiillr, 


Sub-Sjbotion V, — ^Adulterations. 

m 

1. Water , — ^This is extremely common, and is, in fact, generally the only- 
adulteration, best detected by specific gravity or evai>oration. 

2. Starch, dextrin, or gum, to conceal the thinness and the bluish colour 
produced by water. Not a common adulteration. Add iodine at once for 
starch ; boil with a drop of acetic acid, and add iodine for dextrin, or add 
acetate of load and then ammonia, a white precipitate falls. 

3. Annatto or turmeric added to give colour. Liquor potass© at once detects 
turmeiic. 

4. Emulsions of seed* (hemp or almond), addeil ; this is uncommon. Boil. 
The albumen of the seeds coagulates ; the milk will not mix with tea. Hem|>- 
seed gives an unpleasiint odour to the milk (Normandy). 

5. Chalk, to neutndise acid, and to give thickness and colour. Let it 
stand for deposit ; collect and wash de^wsit, and add a(retic acid ami water ; 
after effervescence filter, and te.st with oxalate of ammoimi. 

6. Carbonate of soda. Very difh(*ult of detection uuUj.ss the milk be alkaline. 
Detenniue the ash, and see if it eflen'csces ; if so, (*ither some carbonate 1ms 
been added, or if the soda have united \nth lactic acid, this will be converted 
into carbonate, and enough lactic acid to give an eflenx»scing ash does not 
exist in good milk. 

7. Milk is ofbni boiled to preserve it*; it may tlien hike up from the ves€M‘l 
lead, copper, or zinc, if these metals am useil. 

Cream is adulterattni or made with carlMmato of magiUHia, tragaeanth, anil 
arrowroot, llie microsco|w detcM^is tlie latter, ami particles of ciirbonate of 
magnesia (round) <3an also be seen and 1 h* found to disttp|)car with a (bop of 
acicl 


SECTION XII. 

BUTTER. 

As an article of <liet, butter supplies to most poo})le the largest amenmt of 
fat which they take. Many persons hike from li to 2 oz. daily, if the ])utter 
us(5d in cfK)king l)e included, and the avenige amount for jH'rsons in easy cir- 
cumstances is 1 oz. daily, lUith^r apjH'ars to be ea.sily digested by most pt^r- 
sons, except when it is iM^eoming nincid. It Uien causes dys|Xi{isia anil 
diarrheea, and as a nile it may l>e said that (lecomiM>.sing fats of all kinds 
disagree. 

CoMI»OHITlON AND EXAMINATION. 

L The average amount of water varies from 5 to 10 per cent. Ilassall has 
found as much as 15J per (jent. in fresli, and 28 J j>or cent, in salt butter. 
The retail dialer, by hemting up the butter in wah?r endeavours to increase 
the amount This can be detected by evapc»ration in a water hath ; if the 
quantity of water be very large, melting the butter will show a little iiraier 
l)clow the oil. 

2. Casein . — All butter contains some casein, as some milk is taken up 
with the cream. Tlie best butter contains hsast. Hie amount can l>e UM 
roughly by mfilting in a test-tu^. The casern collecting at the l>ottom does 
not exceed one-third of the height of the contents of the tube in the best 
butter, or l)etween one-third and one-half in fair butter. In l>ad Imtter it 
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may reach to more than this. A better plan is dissolving the fat by ether, 
washing, and then weighing the remainder ; the casein then weighs from 5 
to 3 grains in every 100 of very good butter. In bad butter it is much more 
than this. ^ 

The rancidity of butter is chiefly owing to changes in the fat, produced 
apparently by alterations in the casein, and therefore the greater amount of 
casein the more the chance of rancidity. 

3. The fat amounts to from 86 to 92 j>er cent. ; sometimes other fats — 
lard, l>oef, and mutton dripping are used as adulterants. Butter oil consists 
of margfiric, butyric, caproic, and other fatty acids, combined with glycerine. 
It is entirely soluble in ether at 65° (Horsley), and does not dej) 08 it. In this 
respect it diflers from beef and mutton suet, which, if they dissolve, do so 
with gr<*ater difficulty, and dejKjsit, The ether should be added gi-adually 
(Horsley), and need not bci metisured. Hoi^sley says 20 grains should dis- 
solve in 60 dro]»s ; Billiard thinks this is not enough. Tlie fat begins to melt 
at 70° or 80°, and is entii*ely melted at alwmt 120° B(*ef dripping begins to 
melt at 90° to 100°, and is enlir(*ly melted at 120° to 130° Mutton drip- 
ping commences to melt at about 100, and is (‘iitirely melted at about 150°, 

The melting-point of butler hit is tlien slightly helow that of beef, and a 
good deal below tlifit of mutton dripping, and this test, taken in connection 
with the ether test, may he useful. 

The best way c»f taking th(^ temperature is to jjut a (|uautity of butter 
into a t<‘st-tul)e ; imnn^rse it well in water, ami heat the water gradually, 
observing its tcjmperature by a thermometer. 1 have found this plan answer 
well, but Billiard^’ prefers at once melting the butkr, and observing the tem- 
perature of comraen(*ing soliditicalion. I have tried this, but confess it gave 
me less certain results, for two reasons — l.v/, the casein obscures the fat ; and 
2d, the time of re-aggregation is, I think, infliUMiced by the length of time 
the h(5at has l>eeii applied. Ikdlard finds that butter remains still fluid, 
when mutton, lard, ami beef dripping aix? all solid. 

The taste of butter fat when melted, .separated from the casein, and allowed 
to cool, is very chamcteristic ; while that of mutton fat is also distinguish- 
able. 

Hassiill lias jKiinted out that hutter under tin* mi(‘roscope pn'sents only oil 
globules, while lanl coiitnins nunuTous cry.stals of margaric and stearic acids. 
If any membnine is mixed with the butt<*r, it is at once detected by the micro- 
scope. 

4. Salt is added to all butter ; in frt*sb butter it should not be more than 
•5 bji 2 [K‘T cent., and in the salt butter it should not exceed 8 per cent. To 
determine the amount of salt, wash a weighed quantity of butter thoroughly 
with distilled water, and determine the chloride of sodium by the standard 
solution of nitrak* of silver (see Water, p. 27). 

5. Potato or other starch is sometimes added. It is a rare adultenition, and 
at once dekcted by iodiui\ Gypsum and .‘sulphate of lmr\’ta have, it is said, 
l>een added. This must Ik? rare, and wouhl be at once dekH'.ted by melting 
and pouring everyUiing ofl’ the insoluble powder, or by inciuemting. 

Scheme for a SliHORT Examinatiox. 

1. Determine quality by the taste of the whole butkr, — by the taste of the 
melted and recongmletl fat, — and by the smell. 


* Chemical News, January 13d2. See this and other pa}H*rs for an interesting discuasioii 
on the examination of butter, by Ballard and Horsley. 
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2. Melt in a tul^ for the approximate amount of casein. 

3. If necessary determine melting-point and solubility in ether. 

4. Examine with microscope for animal membranes, crystals of stearine, or 
starch globules, and, if necessaiy, test with iodine under microscope, 

SECTION XIIJ. 

CHEESE. 

As an Article of Diet . — It contains a very large amount of nitrogenous 
matter in small bulk (page 142), and as it is agreeable to the palate, it must 
he an excellent food for soldiers in war. About Jib contains as much nitro- 
genous substance os lib of meat, and Jd of a lb as much fat. It does not, 
however, keep well in warm (diinates. 

The tjtmlity is kno\m by tlie taste. The only adult(»ration is from sub- 
stances to give weight. Starch is chiefly employeil, and ctui bo detected at 
once by iodine, lliore is usually about 5 or 6 })er cent, of salt. 

Sulphate of copj^er and arsenious acid are Hometimes used to destroy insects ; 
the rind is then the most jx^isonous |)art. Chopper is detected by ammonia 
or ferrocyanide of potassium. Arsenic by any test (Reinsch's or Marsh’s). 

The Aeariis doniestiem, AsjiM*rffiflns yfoacus (blue and gveen mould), and 
Sporendomana cjxsei (red mould), form during decay. During decay the fat 
augments at the exjxiiise of the casein ; leiudn is })rodueed, tuid Imldrianic and 
butyric acids. Ljuttic acid is also often produced ])y the hudin of the milk 
contained in tlie cheese. l'h(‘ aroma of cheese partly arises from this decom- 
position, and the production of volatile acids. 


SECTION XIV. 
K(JGS. 


It is needless to say anything of eggs as an article of diet ; they contain 
albumen and fat in very digestible forms. 

Comjxmtum ntid Choice . — An (?gg 'weighs from 600 to 950 grains, or even 
more ; the average M'eight is about 2 ounces avoir. ; 10 parts are shell, 60 whitt;, 
and 30 yolk ; the wldte contains 86 per cent, of wattjr ; the yolk 52 j)er cent. ; 
100 grains of egg, thendore, contain, — 

10 grains, shelL 

22*8 „ albumen and fat. 

67*2 water. 

100*0 

If an egg weighs 2 ounces it contains nearly 200 grains of solids ; this is a 
convenient number to rememW, as 100 grains corresjxuid to 1 ounce. 

For choice, look through the egg ; fresh eggs am more transiiarent in the 
centre ; old onas at the top. Dissolve 1 ounce of salt in 10 ounces of water ; 
good eggs sink ; indifferent swim. Had eggs will float even in pure water. 

Premwation. — Eggs are packed in sawdust or siilt ; fiovered witli gum or 
oil, or placed in lime-water with a little cream of Uirtar. Boiling for half 
a minute also keeps them for some time ; in fact, anything which excludes air. 

Tlie lime-water gives them, it is said, a peculiar taste, and makes the albu- 
men more fluid. 
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SECTION XV. 

SUGARS AND STARCHES. 

SuB-SBCfTioN I. — Sugar. 

Choice and Examination , — ITie sugar should he more or less white, crys- 
talline, not evidently moist to the touch, and should dissolve entirely in water, 
or Imve merely small fragments, which, on examination with the microscope, 
wiU be found to V. bits of cane. The whiter tlie (iuality the le.sa is the per- 
centage of water, which varies in different kinds of sugar, from about *25 
per cent, (in the finest sugars), to 9 or even 10 per cent, (in the coarse brown 
sugars). 

Tlui un purified sugars contain allniininous matters whi(‘h decompose, and a 
sort of fermenhition occurs. Tin* Ac-arus, or sugar mite, is usually found in 
such sugar, which is not known to be hurtful. Fungi also are very frequently 
pres(‘nt. 

Mdhod of Examination. 

1. Di^tennine physical chameters of colour, amount of crystallisation, &c. 

2. Dissolve in <x>ld water ; fmgmfmts of cane, sttirch, sand, gypsum, phos- 
phate of lime are left hehiiid ; test with iodine for starch. The best way is 
to dissolve under the microscoj>e, as all adult(*rations arc at once detected. 

3. Dt^temiino ])orcentage of water by diy'iiig thoroughly 100 grains and 
again weighing. 

4. Excess of glucose (a little is alwaj's present) is detected by the large 
immediati* action on the copper solution. 

Suiv-Section II. — Ariiowri >ots. 

Marania Arrowroot (West Indian). — The chaf kind is’ obtained from the 
Maranfa orundhmv.ea. The quality <‘f Marania arrowroot is judged of by 
whiteness ; hy the grains being aggregated into little lumps, and by the jelly 
V)eing readily made, and 1 )eing firm, coloiu’less, trans])areut, and good tasted. The 
jelly remains linn for thw^o or four days without turning tluii or sour, whereas 
pobito flour jelly in twelve hours 
becomes thin and acescent. Un- 
der the microscope tlie stareli- 
gmins art^ easily identified. 'I'hey 
ai’e slightly ovoid, like potato 
starch, but liave a mark or lino 
at the larger end (th(' hilimi of the 
potato starch is at the sinaller 
end), the concentric liiu^s an* 
well marked. The most coiuinon 
adulterations are sago, tapioca, 
and potato starch. All these 
starch-grains are readily detectoil. 

Ourcima A mmroot — Arrow- 
root obtained from the Curcuma 
has the same pliysical chara<;Uu’s 
as Maronta, but under the miowv 
8CO|j»e the starch grains are laige and oblong, marked with very distinct 
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conoentrio lines, which, however, are not entire circles, having an indistinct 
hiltun at the smaller end. 



Manihot Armcroot — Tliis is 
obtained fiNim Kio. Tlio starch- 
grains are very inarkcM:!. 

Taent or Otalmti Arroirroot — 
I have never seen this arrovToot, 
but ilassal gives a figure wliich 
shows that the stai'ch-gnuns re- 
semble those of the Manihot. 

Arum A7Yi}7rr(K)(, — The Arum 
or Portlaml arrowroot has small, 
angular, and facetted stnrtdi-grains, 
which cannot be confounded Avith 
any of the fi>nner. They are a 
little, like maize. This is some- 


, ^ ^ ' tim(‘s called Port land Sago 

Fig. 5/,— Kio or Manihot Arrowrofit. i i j a a 

Scale MOnoth of au inch. , or Potaio Anouroot— 

Under the term “ Farina,*’ potato 
starch is sohl in the market ; so white and cracklijig, and making so good a 
jelly, that it is not always easy to distinguish it from Manihot. The micro- 


scope at once detects it (sec page 177). The p(‘ar-shaped grains, the marked 
hiluin tow’ards the smaller end, and the svv(*lling with w(uik liquor ^Kdasste, 
itmder a mistake impossible. In making the jelly a much larger quantity is 
required Hian of the Marantii arrowroot. 


Cartmi or Tous les Mois Arrowrfntf , — The starch-grains are like those of 


the potato, but much larger, and the coneeiiiric lines arc beautifidly marked 
and distinct. 


JSUB-SfXTION III, — TAPlfHJA. 

This is obtained from tlie finest part of the pith of Ja(roj)ha manihot or 
Cassava, 

Under the microscope the starch-grains are small, wuth a central hilum ; 
and sometimes three or four adhere* together and form coiajiound gndns. 



Fig. 5S. - Tapioca. Scale 1 • 1 OftOt h of nn h . 


It is adulterated with sago and poi.ato starcli, lifith of which are easily 
detected hy the mic 
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Sub-Section IV. — Sago. 

Tlie best kinds are derived from the sago palm {Sagus farinifera)^ but 
the sago of the Cycas rirchiaUs i.s also sold ; it is, however, infiirior. 

Granidated sago is either “ common” or pearl the latter is chiefly used 
in hospitals. The starch is soluble hi cold as well as in hot M^ater. The starch- 
grains are elongated, rounded at the larger end, and cornjjressed at the other ; 
and hence their shape is <|uite difh*rent from tin; potato starch. The hilum 
is a ]>oint, or more often a cross, .slit, or sitir, and is sedated at the smaller end, 
wdiereas, as in th(; Maranta arrowroot, the hilnm is at the larger end. Kings 
ai^e more or leH.s clearly seen. 

In the market is a factitious sago made of potato flour. Tliis is sometimes 
coloured r(5d or hrowuish, either from cochineal (tr sugar. In thirty speci- 
mens Ilassall found five h) be fi(;titious. The microscope easily detects potato 
starch. 


SK( TIOX XV J. 

( !()NCEXTKATE1) 

For the military surgeon this .suhj<*ci is so important, that it is desirable to 
\*ut the chief facts imder a seijarah* section. 

It is obvious how important it must lx.* in time of war to have a food 
which may be at once nutritious, porbible, easily cooked, and not liable to 
deterioration. Lind’s sagaciousf mind long ago saw this, and he strongly 
urged the advisability of having on board slu]> ]>repared food of this kind. 
It must be rememlH;ml, however, that a man must get his 2C0 to 300, or 
even 350 grains of nitrogen, and 8 to 12 ounces of carbon in each 24 hours, 
liesides some hydi*ogen and salts. The work of the body when in activity can- 
not 1 h; carried <m with less ; and at ]»re.sent these elements cannot be presented 
Uy us in a digestibh; fc»nii in a smaller bulk than 22 or 23 water-free ounces, 
(’oncentnition at j)resciit cannot l)e carrie<l beyond this, and practically has 
not really l>c;en carried to this point. Life, however, and vigour may for 
some days be presei^ ed with a much less amount ; and I have reduced the 
total amount of food to 11 water-fn^e ounces daily, with full retention of 
strength for 7 days, though the body w’as constantly lOvsing weight. For 
ex|Hxlitions of tlinx; or four days, if transport wen; a matter of gieat diffi- 
culty, soldiers might Ih^ k(^]>t on 10 or 12 i»un(‘es of water-free food daily, 
[provided they had been fully fed beforehand, and subs(H|uently had time and 
food to make up the li.s.sues of their owii Ixxly, wliich would l^e expended 
in the time, and Avould not bt; replaced by the insiiffich^nt food. 

When wo inquire into the concentrated foods now in the marktd, some of 
which profess to 8Uf)ply all tlie subsUmces nece.H.sary for nutrition, we find 
them not very satisfactory. They are often not so concentnited as they 
might be, or are deficient in important principles, or are tlisagreeable to thcf 
taste. 

Meat BimiitH, — These biscuits, or powtlers, for they ait; generally powdered, 
and sold in cannisters, aiti formewi by mixing rich extract of meat with wheat- 
flour, and drying. Tlie biscuit of *Mr Gail Borlen, of Galveston, in Texas, 
contains espial parts of meat-extract and flour dried (made in a Papin’s 
digester). A ]>iscuit like this has hmn very much used in the American war. 
The inventor represents that lOfb will last a man for fourteen days, or at 
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the rate of 11*2 ounces a day, but this is clearly an exaggeration. The 
biscuit, after being powdered, is soaked in cold water for a few minutes, then 
boiled from 20 to 30 minutes. 

French Meat Bhcuit , — This is similar, except that dried vegetables an? 


added. The “ biscuit-viande of Callamond cor 


tarns- 


Dry-flour, 

„ meat, 

Fat, 

Dried meat, 
Spices and sugar, 
Water, . 


76*45 }H.‘r cent. 
5*79 
6*27 
2*77 
*92 
7*8 


99*90 


The taste is not agreeable. 

Another French meat biscuit is prepared by !M. do Beunnann, and obUiineil 
a medal at the Exliibition of 1851. Its composition is prolwibly similar. 

Blood BUcuit , — A j)atent was taken out some years ago (1855) by M. liohrig, 
which aimed at preparing a biscuit with dried blood, mixed with boilfnl rice, 
and potato and wln^at flour. This does not apiHiiir to have ever come into uh(‘. 

CarnM * — Under this title Mt^ssrs Gehrig and (imnzig, of Berlin, have 
made a food, which is sold under the form of littb* millctdiko gniiiis, ami is 


flavoured in two or three w*ays. 
kind is 

The com|>08ition of the most nutritioUH 

Nitrogenous subshuices, 

35*28 p<‘r cent. 

Fatty 

4*25 

Starchy, 

34*68 

Salts, . 

8 8 

Water, 

16*99 


It is cooked very rapidly, but is not jnilatable. It is useil with brwiil ; and 
8 ounces daily, with 10 ounces of bread, making a total amount of water-free 
solids of alKiut 12 J ounces avoir., maintains the strength ami vigtair fur 
six or eight days fairly, but the lH)dy loses weight. It aj>pears to 1 h 5 a meat 
extract mixed with the flour of a cerml, eitlicr wheat or hurley. It is 
deficient in fat and stilts. 

Rata Franca au Orm , — Hmall cake.% of a very strongly flavourtnl meat, 
mixed with salt and flour, are sold under this Wnu in Baris. 15 grammes 
( = 231 j^ains) are mixcAl with IJ pints of w*at«*r, ami make a soup, which, 
w^hen mixed witli veg(^tfible,s, is not un])alaiable. The I Vussiau army, in 1861, 
was kept for a fortnight on pea-soup, tiavoun^d with Bata ; a little Iwcon and 
salt were added, and the men were kept in gotnl he^dth. It contains ulnnit 5 
per cent, of nitrogenous substance, so that the Hupi>ly of nitrogcjii in this fonn 
is very small. 

Mcat-Bmuii (Author’s), — Not feeling satisfied with any of the meat-bis- 
cuits I found in the market, and not seeing wdiy llm meat iimdf, and not an 
extract, should not he used, 1 liave made some meat-luscuits, in the most simple 
• way, by mixing together, cooking, and Imking lit flour, 1 & meat, J!l>. fat (suet), 

potatoes, with a litdo sugar, onion, salt, p<ppcr, ami spi(;es, A [mlatable 
meat-hiscuit, weighing about l^ft, containing 10 to 12 i>er cent, of water, is 
then ol>tamed, which kee|>B quifrj unchanged for ftmr months. 1 have not yet 
had an opportunity of keeping men on this food, but I have no dembt it would 


* 8«e u paj^ on this food by the Profeimoni of the Amy Mfrdlci*! fckhook - dmy MtdM 
UfiCTt for p. 886. 
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answer better than the Camiset. A mail could easily cany 8ft) weight, which 
would be sufficient for five days. It requires, of course, no subsequent cook- 
ing ; but if opportunity offered, it might be made into soup. 

After I had made this meat-biscuit, I observed that Dr Chrl^tison (Beport 
of the Itoyal Sanitary Commission, 1858) liad suggested a simple process of 
this kind. 

These appear to he the chief attempts at combining meat and flour, but 
there are various other foods In which concentration is attempted. 

IJrkd Meatit. — Meat dried at a very low heat has been brought into the 
market by Verdeil. It has lost the greater part of its water, is hard, and re- 
<{uires very careful cooking, but is believed to be nutritious when well prepared. 

Messrs M*Call of London have also prepared an excellent dry mejit ; it 
is sold in packets, each of which weighs 4 oz., and is intended for one meal. 
It contains salt and jx^pper, and 12 j>er cent, of water. 

The Tasajos of South Amoritm is meat sun-dried by lieing cut into long 
thin strips, and after removal of the fat, expo.sed to the direct rays of the sun 
and Bjirinkleil with maize flour. It ke(‘ps for a long time, and is much 
employed by inivellers on the And(*>s. 

The dried meat of the Kaffirs is very much the same ; great hunks of beef 
are sun-dried, ami ixunain iindecoiu|) 08 ed for a long time. 8o also the meat 
is dried in Egypt by ex]) 08 un^ to the sun and north wind. 

The Pommican of the an; tic voyagers is a mixture of the; liest beef and fat 
dried together, and is an excellent fix>d, though rather cxj>en«ive. 

Tlie “ extract of boefV’ or “ coucentrated Ix^ef tea,” is beef tea and the 
juices of the compressed beef mixe<l and evaporateti* This is a highly nutri- 
tious substance, and most useful to the army surgeon. Mixed wdth wine, and 
given as soon as possible afto wounds are received, in the time of shock and 
colla|:)sc*, it wtvs found in the Austrian army (in 1859) to sfive the lives of many 
wounded men, and the experience of the Federal American army is to the 
same effect (Hammond).t 

Dried Cereal Ui . — Many flours, if well dried, will keep for a long time. 
Hard’s farinaceous food for infants ” is wdietit flour baked. Densham’s 
“ farinaceous food” is composed of 3 parts wheat flour and 1 part of barley, 
tlritKl at a heat of 200° Fahr. It loses from 25 to 30 per cent, in weight. 
The Bussian (Toveniment formerly used a cake coni])()sed of a mixture of oat- 
nieal and malt (2 iwirts to 1) ; it was baked, and foniu'd an agreeable article of 
ftKid, When i)laced in waUw in a wanu pliu;e, a slight fermentation goes on, 
and a kind of Ix^er is {»roduced. I have kept those cakes iiualterod for more 
than tt year. Bt>me kinds of the nutritive red and dark coloured rice made 
into cakes and dried are used by the Burnu^Ho soldiers on long marches, and 
a man will carry, it is said, enough food for ten or twelve days. 

Dried Bread. — In addition to biscuit alrtiady described, bread has been 

* All these (xaicewtrated laoatn ought to Iw lai>rcly u«etl in tutKlioine. instead often of the 
weak l)eef teas and other 8hi|»a so nmeh employwl : tliey contain a large amount of footl in 
Ntiiali hulk, and are therefore particularly fttt«*d for certain cases of failing lowers of di^stion. 

i M(frgan*s Salt Afuo/. -Fnmi an oversight, an account of Dr Moigans plan of making salt 
meat was omitted under tts proiHjr bea*!. Instead of cutting the meat into small masses, and 
placing it in brine, Dr lUotgan, iinniedtately After death, o|K?ns the thorax, inserts a pipe into 
the left ventricle, and connects the pipe by an uidia-rnbl>er tuln*, with a tank of brine placed at 
a few feet elevation, and iTgects the veaaels. After the blood has Iwen driven out through the 
right auricle, the exit i« closed, and the pressuto forc«»8 the brine into the smallest rainiftca- 
tions of the vessels. Tlie process is iinished in ten to twenty minutes ; the meat is then cut up, 
dried. If necessary, in a hot-air diuinW. and packed in chamml. The i^tected fluid is com- 
posecl of 1 gallon of brine to the ewt, j to §lb of nitre, 21b of sugar, a little spice, salt, and 
* oa. of phosphoric a<?id, whidi serves more completely to ixdain the albumen, and also mMs a 
little phosphoric acid. The brine con be used hot. This is an excellent plan, and will «n- 
doubtedlv snnersede the old svstom. 
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partially dried by being pressed in an hydraulic press (method of Laignel). 
Much water flows out, but when taken out the bread still feels moist. In a 
day or two, hou^ever, it becomes as hard as a stone, and in a year’s time will 
be found good and agreeable. Placed in water, it iowly swells. Tlie pain 
biscuit^” of the French army is bread dried by boat (see llread). 

Dried Poiafoy are sold in two forms — slices and granulated. In either 
^e the potato is easily cooked, and is very palatable. It should be soaked 
in cold M^ater first for some time, then slowly boiled, or, what is much better, 
steamed. 

Dried Vegetables {other than Potat(y>e ). — Dried and compressed vegetables 
of all kinds (peas, cauliflowers, earrota, &c.) are now prepared, cHpecially by 
Messrs Masson & Chollet, so perfectly, that if proptjrly cooked they furnish 
a dish almost equal to fresli vegetables. They niUvSt ]>e soaked for some 
time (four to six hours) in pure water, and tlum cookiHl vt^ry slowly. If 
there is any disagi’eeable taste from commencing putrefaction, which is very 
rare, a little chloride of lime mmoves it at once. Permatiganate of potash 
can be also used for this puri)ose. 

As anti^urbutic.s tliev are sjiitl to l)e inferior to tho frt^sh vegc‘table {ex^ 
perienee of American war), but an? still inu<di better than nothing. 

Dried Mdk . — Preserved milk is sold in a liquid fomi (see Milk), but is 
also sold as a powder. l)esiccated milk is now very well j)it?partHi ; a sample 
(Fadeuille’s desiccated milk) I examined consisted of a Ix^ttle containing 1502 
grains, consisting of — 

Casein 524*588 

Fat 330*442 

Lactin 402*265 

Salts 73*898 

and intended to be inixerl with a <|uart of water, Wlien so mixed it hud a 
8j)ecific gravity of 1026 j a little sugar had probably Ixien added. Crt*am to 
the extent of -ffi^th rost^ to the surface. The milk turned acid in twenty- 
four hours. 

In the use of these concentrated fiK>d.s there arc one or two jioinis which 
should be explained to soldiers. The bulk is so coiu}»amtiveIy small, that 
men w'ill eat rapidly two or three days* alhnvance. It should be explained to 
them that the feeling of hunger will l>e removed by the smaller bulk if they 
will allow lime for this. Then? is, how'ever, often a .soii of hunger felt even 
after eating slowly on account of the small bulk and the e-asy <ligt\siion of 
these weU-c<K)ked substances. The l)est way to obviate this is U) make them 
into thick soups, if time and means permit, so as to form a gnmter bulk. 
This has the ^Ivantage also of gdving the soldier warm ftK>d, a point of the 
veiy greatest importance ; for it is certain that under fatigue, and during cold, 
nothing is more reviving than warm fooil. 
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BEVERAGES AND CONDIMENTS. 

SKCTION I. 

ALCOHOLIC LEVERAGES. 

Although it is coiivenicnt to j»lat e all the iM veragcs wliich contain Alcohol 
under one heiuiing, they yet diller materially in coinjiositioii and efiects. The 
medical otiicer law to deal with only a few of these li(|uids. 

fSi;B-8ECT10X L — ilKEH. 

Conijumthm . — The law allpws only malt ami ho]>s to be used in brewing ; 
and beer consists of malt and ho[> extraet.s; of alcohol, formed hy fermentation ; 
and of Ralts added in the watiT, or jjresttiit in lln^ malt and hups. 

The specific giuvity varies from lOOG to 1030, or even more, in the thick 
(terman beers ; the avenigc* in luiglish beers ami porters is from 1010 to 1014. 
The percentage of malt (‘xlnnl (dextrin, e(‘llu]ose, sugar), is from 4 to 15 per 
<^ent. in ale, and from 4 to 9 per cent, in j>orter. It is least in the hitter, and 
highest in the sweet ah‘s. The hop extract (lujadit and resin) is in much 
smaller amount. Tin' ai<‘ohol varies from 1 to lo p('r cent, in volume. The 
free acidity which avise.s from lactic, ai'etic, gallic, and malic acids, ranges (if 
nxikoned as dry acetii,* acid) from 15 to 40 grains per pint. The sugar has a 
great teudciicy to form ghn inic aciil (1\1!J>.). There is a small quantity of 
albuminous matter in most beers, but nut avi*raging moix' than ’5 ])er cent. 
The salts average *1 to 2 per cent., and consists of alkaline chlorides, and 
phosjdiateis, and sonn* eartliy phcisphatirs. d'here is a small amount of aiu- 
moniacal salt. The dark Immts, or porters, contain eaminel and assamar. Free 
carlxinic acid is always more or le.ss ]>rt*sent ; the average is *1 to *2 parts by 
weight per cent., or about 1 J enbic inches per ounce. Volatile and essential 
oils are also pms<nit. 

Adopting mean nuinlK*rs, 1 pint (20 oiuices) of beer will coutaiii : — 
Alcohol, ...... 1 ounce. 

Extractives, dextrin, sugar, , 1 ’2 „ (524 giuins). 

Free acid, 25 gniins. 

Salts, . . . . ^ . . . 13 grains. 

A« an article of Diet — There appear lo Ik; four ingreiliontvs of importance — 
viz., the extractive matters and sugar, the bitter matt(u*s, the fn;e acids, and th(i 
alcohol. The lirst, no doubt, art; earlxdiydnites, and play the same jKirt in 
the sysUun as starch and sugar, appropriating the oxygen, and saving fat and 
albuminato from destruction. Hence, one cause of the tendency of per- 
sons who drink much beer to get fat. The hitter inattere are supposed to bo 
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stomachic and tonic ; though it may he questioned whether we have not gone 
too far in this direction, as many of the highest-priced beers contain now Ettle 
else than alcohol and bitter extract. The action of the free acids is not 
known ; but their amoimt is not inconsiderable ; and they are mostly of the 
kind which form carbonates in the system, and which seem to play so useful 
a part. To the action of alcohol, reference will bo i)resently made. 

It is evident that in beer we have a beverage which can answer several 
purposes — ^viz., can give a supply of carbohydrates, of acid, and of a bitter 
tonic (if such be m^eded), indeijendent of its alcohol. 

In moderation, it is no doubt well adapt<id to aid digestion, and to lessen 
to some extent elimination of fat. It may be infem^d that l)eer will cause an 
increase of weight of the bo<ly, by increasing the amount of food taken in, and 
by slightly lessening metanior]>hosi8 ; and general ex|K'.rienco coiitinns these 
inferences. 

Physwh>gical Action. — The physiological action on tissue metamorphosis, 
as far as is known, is one of lesseiUHl excretion ; the urea and pulmonary car- 
bonic acid being both deci’casetL On the neiwous system, the action is 
probably the same os that of alcohol. 

When beer is taken in excess, it produces gradually a state of fulness and 
plethora of the systcmi, which probably arises from a continual, though slight 
interference with eUmination, both of fat and nitrogenous tissues. When 
this reaches a certain point, appetite les.Hens, and the formative power of the 
body is impaired, Tlic imperfect oxidation leads to excess of partially oxidized 
products, such as oxalic and uric acids. H(*nc(‘, many of the anomalous 
affections, classed as gouty and bilious di.sorders, which are evidently con- 
nected with defects in the n.^gressive metamorphosis. 

Tlie question, what is ex(H*8s, is not easy to answer, and will dei)end both 
on the comi)Ositioii of the beer, and on the habits of life of those who take it. 

EXAMINATION' OF BKKR. 

This is directed to ascertain — 1. Quality ; 2. Adultemlioiis. 

1 . QiwJiiy. 

1. Phymml Ctiara^terH. — The Iwer should be transparent, not txurbid. 
Turbidity arises from imperfect brewing, or clarifying, or from commencing 
changes. If the latter, the acidity will probably be found to 1 h^ increascKl. 
The amount of carlxmiit acid dis(?ngaged shouUl neither be excoiwivenor deficient. 

Tlie taste should pleasant. If bitter, the bittemcjss should not lie per- 
sistent. It should not taste too acid. 

Smell gives no indication till the changcNS have gone to some extent. 

Detemtim (}ravlty,—\i this is done after the alcohol is driven off 

(see Detennination of Alcohol), an approximative conclusion can be formcMi of 


the amount of aolida 




S}iecit>c Onvity 
after loss of Alcohol. 

Per cent, of 
Extract. 

Specillc Oravity 
after luiw of Alnouol. 

Per cent, c 
Extract. 

1004 . 

1 

1024 

6 

1008 . 

2 

1 1028i 

7 

1012 . 

3 

! 1032-2 

8 

1016 . 

4 

1030-3 

9 

1020 . 

6 

! 1040-4 

. 10 


2. Determim Adtiity , — Tliis is a very important matter, as the increase of 
acidity is an early effect when b<?er is undergoing changes. 

The acidity of liecr consists of two kinds. 
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Volatile Adds — viz., acetic and carbonic. 

NonrVolatile Adds — ^viz., lactic, gallic or tannic, malic, and sulphuric if it 
has been added as an adulteration. 

To determine acidity of beer, and all other liquids, the easiest plan is to 
prepare an alkaline solution of known strength. 

Standard Alkallm Solution, 

A standard aci<l is first made, and crystallised oxalic acid (CjO^ + 3HO 
equivalent 63), is now usually employed. 

One equivalent (63 grammes or grains — ^\'iz., 020^+3110 = 63), is taken 
and tlissolved in 1 litre of water. 

A convenient amount for lieer, wirn^, vinegar, or lemon-juice is, however, thc^ 
docinormal solution or 6*3 grammes, bi 1000 C.C of water. 1 C.C. of this deci- 
normal solution contains therefore *0063 grammes of crystallised oxalic acid, 
and is exactly e(pial, of course, to an eqiivalent i)rojK>rtion of any other acid. 

A solution of li(|uor ]>obi8sa*, or soda», is now taken and gniduated with the 
ticid solution ; so that 1 (\C, of oxalic acid solution shall e.xactly neiitralise 
I C.C. of the alkaline solution. Then 1 (.’.C. of the alkaline solution will hm 
equal to *0063 grammes of oxalic acid, or to an equivalent i)roportion of any 
other acid, as shown in the table. 

* solutkm^^uals } granimt* cryKtallLsfd oxalic acid (C, 03 + 3HO). 


‘0036 

dry oxalic acid (C/y. 

•0051 

di*}‘ acetic (f^H^O.,). 

*0060 

hydrated acetic + IK)). 

•0165 

diy citric acid* (Cj^H^Ojj). 

•0192 

hydrated citric (Cj^H^Ou + 3110). 

•0132 

tiirtaric (CJ{/),„+ 2HO). 

*0090 

lactic acid (( + HO). 

•0040 

dry sulphuric add (8( ) 

1)049 

hy<lrated sulphuric acid (80^+ HO). 


In pix^paring the alkaline solution, dilute the common liquor pot.assae of the 
phannacopieia with alxuit four or five parts of water ; put a portion into tht* 
burette, and add it to 1 0 C. ( if the standarl acid, coloured willi litmus. It will 
Ixj found that about 8 or 9 (\( of the litpior jiotassiv will neutmlise the 10 C.C. 
of acid ; rexul off the anunint of alkaline solution u.sed, measure the remaining 
portion, and calculate by rul(‘ of three how much water must be added to 
dilute it, 80 that 10 (\C\ sliall 1 h* re<jiurcHl to neutralise 10 C,(\ of the acid. 

Examjfle, — 10 C.(.\ of acid re(iuirt‘<l 817 C.C. of alkaline solution, and the 
remainder of the alLdiue solution mwisimnl 160 C.C. 

8*7 : 10 ; : 160 : .r 
= 183*9. 

Thus (183*9 — 160 = ) 23*9 C.C. of water must W. added to*tho 160 C.C., to 
dilute it to the pn*per stnmgth. Add then this amount of water, and test it 
once mortj to see that then^ is no mistake. The tdkaline solution does not 
keep well, and must l)e rt^-tested, if a long time passes w itliout its Ixuiig uwd. 

Having prepared tlie alkaline solution, take a measured quantity of beer 
(say 10 C.C., or 1 ounce, if nnwisui^Ml in English measim\s), and drop in the 
alkaline solution from the burette, till exact neutrality is reached. Then rent! 


* 1 have a<lo|)t<sl the common ootiAiitniion of citric aciil. In ntating tkc resiilt of the inquiry, 
tho oompociitioii of the acids should always h« given, by iwlding the 8ynibol», otiierwis© error may 
ariiMQ, an the compositione of citric and tartaric acida arc stated in two or three waya. If the 
Myinboia are given, no miirtake is poftaiblc. 
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off the Bunibers of C.C. of alkaline solution used ; multiply by the coefficient 
of dry acetic acid, and the result will be the amount of total acidity in the 
quantity of beer operated on, as expressed by acetic acid. If it is required to 
reduce it to gmins, nuiltiply by 16*43. 

If the alkaline solution amnot be made, drioil carbonate of soda must be 
used ; weigh 53 ^ins (1 equiv.), and dissolve in 1000 C.C. ; 1 C.C, *053 
grammes, and this is e<|uivalent to *063 gniiiis of O. acid. If ther*) is no 
burette, then weigh 100 grains of carhonate <»f soda ; a<ld portions gradually 
to the beer, and when the beer is neutnilisetl, weigh the carlx»nate of soda 
remaining. Tlien calculate hy rule of tlm'o. 

As 53 is to the equivalent of tljo aej'd sought ; so is tin* amount of carl>onate 
of soda used to u* ; .?* - amount of acid in the (|uautity of hoer operateil ujx)n. 

The total acidity can be dividcMl into tixt?d and volatile by evajmration. 
Wilde the total aeitlity is being determined, evapomte another measured 
quantity of beer to one-fourth, tlien dilute with water, luul il(»,termiue the 
acidity. "Ilie acetic acid being volatile, is driven oil, ami lactic and other 
acids rmiiain. j)eiluct the amount of alkaline solution used in this second 
process from the total amount used, and this will give the volatile and lixed 
acidities ; expnss one in t(‘rms of acetic, the i>ther of lactic atdd. If lh<^ fixe<l 
acidity Is very largt*, the beer is not got^ul, or sulplmric acid has l>een added. 

Generally s]>eaking, the detenniiiati4Uis of total mddity of lH*er given in 
bcKiks are too great. I have seldom found it to 1m* moix* tlian 30 gmins |*cr 
pint, and offeii lesxS. 

4. Dtif^rmine Aittoani of Af**ohof. — 'Dien* are varii»u.s ways of doing this, 
but one of the two IblJowing will Im* .s-ulHcient, 

Measure a certain quantity, s<iy one pint, <»f beer, ami tak(‘ the sjKJcific 
gravity at 60^ or Falir. 1 a/, into a retort and distil at least two-thirds. 
Take the distillate, dilute t<* <U!ginal volume with ilistille<l water, deti*nniue 
the s})ecifi(; gravity at 6(i'’ or 68^ by a pn)per instrument, and then r*;fer to the 
annexed talde of .s[»eeific gravities — o])po>it(* the found speeitic gi*avity the, 
pert‘entage of filcxdnd is given in volume (not in weight). 

2«/, Then, to check this, a ydan devis<*«l by Muldt r may be ustsl. Take the 
beer in the* retort, <Iilute with water to the original volume, and bike the 
spwitic gravity at or 68 '. 

Then deduct the specifu' g^nivity btdore the evajKmition frini tlie specilie 
gravity ailer it, take the ditlerence and deduct this from 1000 (the sjHxdfic 
gnvvity of water), and look in the table f>f 8j>e<rdic gravities for the numlwr 
thus obtained ; op]ii>site wdll >w* found the percteubige of alcohol. The results 
of these two metliods shotdd be id(‘ntical. 

If there is no rf*U»rt, this secoml plan inriy lsi used will) a common evajwe 
rating dish, the alcohf)! Isdiig suffer'd to e„scapi*. A common urinrnneter 
(tested for com‘ctnes.s in the lirst place) may he cmjdoyfMl f<.»r detenniiiing 
the 8j)0cifie gratity.* I'his jdaFi is very usefui for modic«a] officers ; it re<|Uiit*s 
nothing but an urinoim ter and evajiomting cli.sh. 

5. The 8oli<lg can k? detennincHl by evapomtifui, and the tush cditfdned by 
incineration ; but iiuttiical officers wiff sel(i<»m have evasion to do tliia. The 
sjtecific gravity of the de-alcoholiml liecr gives a sufficient ap|»roxinmiioii. 

6. Taste the evajKjrated to a syrupy con.sistence ; it should l>e a 
}»lea«ant hitter. 


It may W rmr/Jmg at tint to see how this plan p;hc*H the ; but H b simple etioagh. 

A« alcohoUg U|?fht«r than water, its elimination raises the fqx'riftf gravity in proportion to its 
ir*«8, aiai the ((ain of the l>eer in specific gravity from the eva^utration is etacily equal te the 
«iepr^ion in spedtic gravity w'hich that amount of alcohol wonhl cause, if added to pure water 
Cfpial m IrtiUc to the beer operated iqxm. 
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AduliemfUjuH, 

1. Wa^er . — Detected by taste ; detenuimng amount of alcohol and specific 
gravity of the beer free from alcohol. 

2. AlmhoL — Seldom added ; the (quantity of alcohol is large in proportion 
to the amount of extract, as deUnmined by the specific gravity after separation 
of the alcohol. 


Alcohol (Voltnov) accociliioj ht Gravity, 


100 l*ftrt«L 

SiH;dfic Gravity. ij 

100 ?art8. 

; 

Sfiedflc Gravity. j 

Alcohol. 

Water. 

At i 

! 

At !• 

Alwhol. 

Water. 

At 

( 

At 60. j 

r>2 

38 

0'887 i 

0-891 li 

31 

69 

0*954 

) 

0-957 

01 

39 

0*889 

0-X9.3 ;i 

30 

70 

0*950 

0-958 

60 

40 

0*892 1 

0*890 ; 

29 

71 

0*957 

0*960 

59 

41 

0*894 

0-898 ) 

28 

72 

0*959 

0*962 

58 

42 

0-8!t() j 

(»-9<iO i 

27 

73 

f)-!»61 

0*963 

57 

43 

0*899 

0*902 ! 

26 

74 

0 903 

0*905 

50 

44 

0-901 ! 

0*9(»4 : 

25 

75 

0*905 

0*907 

55 

45 

0*9(»3 i 

0*900 ; 

24 

70 

0*900 

0*908 

54 

(>4 

0’905 1 

0-908 i 

23 

77 

0!if>8 

0*970 

53 

47 

0-907 1 

0-910 1 

22 

78 

0*970 

0*972 

52 

48 

(t-909 i 

0-912 1 

21 

79 

0*971 

0*973 i 

51 

49 

0*912 

0*915 : 

20 

80 

0*973 

0*974 

50 

50 

0*914 ; 

0-917 i 

19 

81 

0-974 

0*975 

49 

51 

0-917 i 

0*920 i 

18 

82 

0*970 

0*977 

48 

52 

0*919 ! 

0-922 S 

17 

83 

0*977 

0*978 

47 

5.3 

0-921 ! 

0*924 J 

10 

84 

0*978 

0*979 

46 

54 

0*923 

0*920 ! 

15 

85 

0*980 

0*981 

45 

55 

0*925 

0*928 I 

14 

80 

0*981 

0*982 

44 

50 1 

0*927 

0-930 

13 

87 

0*983 

0*984 

43 

57 

0*930 

0*933 ; 

12 

88 

0*985 

0*980 

42 

58 

0*932 

0*935 1 

11 

89 

0*980 

0*987 

41 

f)9 

0*934 

0*937 j 

10 

! 90 

0*987 

0*988 

40 

60 

0*930 

0*939 

9 

91 

I 0*988 

0*989 

39 

61 

0*938 

0*941 ! 

i ^ 

92 

i 0*989 

0*990 

.38 

62 

0*940 

0*913 1 


93 

0*990 

0*991 

37 

63 

0*942 

0*945 1 

1 0 

94 

0*992 

0*992 

36 

64 

0*944 

0*947 

5 

95 

0*994 

0*994 

.35 

65 

0*94C 

0*949 

4 

90 

0*995 

0*995 

34 

66 

0*948 

0*951 

3 

97 

0*997 

0*997 

33 

67 

0*950 

0*953 

0 

w 

98 

0*998 

0*998 

32 

68 

0*952 

0*955 ! 1 

99 

0*999 

0*999 





0 

; 

100 

1*000 

1*000 


3. Carhmate of Hcnla of Lht\c In 4>rth r to h'A^rn Acidity , — ^Neither adiil* 
teration can be detected without a chemit‘al examination. Evaporate Wr to 
a thick extract then ptit in a retort, atddulatc with sul[»lairic acid and distil ; 
if an acetate of lime or soda be present, acetic acid in large quantity will 
over. The extmet always contains some acetate, but only in small quantity. 
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lAme . — ^Evaporate to dryness another portion of beer, incinerate, dissolve in 
weak acetic acid and precipitate by oxalate of anmionia. In tmadulterated 
beer the precipitate is moderate only, 

Esecmt of mda, for some always exists in Ijeer, is detected with much greater 
difficulty, and it will be well not to attempt this. Mulder states that the 
presence of too great a quantity of lactotos may be detemiineil by boiling the 
beer with carbonate of zinc ’when lacitate of zinc deposits.* 

4. Chlorkk of Sodimn , — ^Tliis is hardly an adulteration, unless a very largo 
quantity is added. Take a measured quantity of the Wr ; evaporate to dry- 
ness ; incinerate ; dissolve in water, and determine the chlorino by the standard 
solution of nitrate of silver. (St»e Analysis of Water), 

5. Sulphota of Iron . — If the \)ovy l>e light-coloured, a mixture of ferricy- 
anidse and ferroc vanide of potassium (Fanu lay’s test) may he added at once, 
and will give a pnicipihite of Pnissiaii blue ; if tlie Ixw be dark-coloured 
it must he decolorisinl hy adding solution of diacetate of lead and filtering. 

Or evaporate a ]>ortiori of l)eer to dr>mes8 and iju!hK‘raUi ; if any iron be 
present the ash is red ; dissolve in weak nitric acid, and test with ferrocyaiiide 
of potassium. Two grains of sulphate of iron to nine gallons of |K»rt<?r give 
a red ash (Hassall), The ash of genuine porter m always white, or greyish 
white (Hassidl). 

6. Sulphuric acid is added to clarify biK'r, and to give it the hard flavour of 
age. If the l>eer be pale, adtl a few drops of hvdnnddoric acid, and test with 
cldoride of barium, A ir/v/ d*otfic prei^ipitate may show that sulphuric acid 
has l>ecn abided, but it musst ])e reinemlH^rcHl that th«‘ \vat('r iimnl in brewing 
may contain large quantities of sulphates. (I’he Ihii’t^m water is rich in sul- 
phates.) If then* Ik* a Zo/v/c pn‘cipitiife, then <h‘ti‘rmine the acidity of the 
l.)et*r lieforc and after eva|x»n»tion ; if the amount of fixed aci<l Iw found to be 
tTeti/ large, thei'e will Ik* no doubt tliat has lH*<*n addetL 

Midder n'comnnuuls that the extract of ilu* beer In* heated, and the sul- 
jjhurous acid gas which is tlisengaged led into chlorine water ; sulphuric acid 
will Ik found in the chlorine water, and may be tested for as usual. 

7. Alutn. — Eva|>orate to drynt^ss ; incinenite, and proceed exactly a« in tlie 
analysis of aliun in breail, 

8. Bund Su/jar — Bmodin him — Evaporate l)eer to extract ; dissolve in 
alcohol ; eva|)omte again U> cxtrac*! and tasb*. According to PajqK*nlieini these 
sulKtances prevent the rc*grevssive meUuuorjdio.sis of tlu* tissues, and thus in- 
jure health. 

9. Capninm — /Vy>yK*rs— -rrm/as ff Paradi^f . — Evaporate to di^uiess care- 
fully ; dissolve in al(^ohol ; filU^r ; evajMirate very carefully to dryness, and 
taste if there is any ]mngency. 

10. A number of other substances are, it is wiid, sometimes added, — cen- 
tauria, absinthe, pyretlirus, gentian, quassia, aloes, burnt chicoiy. The detiK- 
tion is extremely difficult, if not imiKssible, unless the taste of the alcoholic 
extract gives any indication. 

1 1. Coeeulm Indicm , — It is not known wdiether much of this is now u»e<l. 
The witnasses examined some years ago (1850) by tht^ C'ommittiK of the House 
of Commons (Scholefield's) all doubted it ; a large quantity of Cocmlm indiem 
is, however, annually impr»rt©tl, and no other uw*. is known. 

For the detection of I*icrf)t<>xine, Herafiath reconimemls that the Iwsor bo first 
treated with acetate of lead ; filtered ; excess n[ kmd got rid of by ladphuretted 
hydrogen ; fluid evaf>oJrated to a small bulk, tuid mixed with animal charcoal. 
The charcoal absorbs the picrotoxine ; it is boiled in alcohol, and the alcohol 


D<' la (Frirricli ISOl, |*, 
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ia evaporated on alipa of glass. The picrotoxine crystallises as plumose tufts of 
circular or oat-8hai)ed crystals. 

Dr Langley of Michigan* recommends acidulating the beer with hydro- 
chloric acid and agitating with ether ; the ethcrial solution yields on evapora- 
tion crystals of picrotoxine, which can l>e tested by rubbing it with nitrate 
of potash ; adding a drop of sulphuric acid, and then a strong solution of 
potash or soda. A bright reddish-yellow colour is given il‘ picrotoxine be pre- 
sent. 

A more complete, but much longer process, is given by Schmidt, t who de- 
tected *04 grains of picrotoxine in a bottle of beer ; but probably one of the 
above will be suilicient. 

12 . Strychiiim or Nux Voniica. — ^This is a very uncommon adulteration, if* 
it ever occur. Ad<l animal charcofd to the l>eer ; digest for twcnty-foiu* hours ; 
jxmr off beer ; ])oil the charcoal in alcoliol ; filter ; evaporate one^haff ; twld a 
few drops of lupior potassa.^ and then ether ; agilaU^ ; pour off ether and eva- 
porate to dryness ; tt^st for strychnine by the colour tests (sulphuric acid and 
bichromate of pt)t*isli, or jKU'oxide of lead, or mangiuiese, or permanganate of 
{wbush), 

1 3. Picric Acid, — I-assaignc recommends the addition of subacetate of lead 
and animal cluircoal ; if the beer has still a yellow colour, picric acid is prtisent. 
But as M ukhtr an<l Hassjill observ’e, many Infers destitute of picric iudd remain 
yellow. l\>hl advises to add white uncombed wool ; if picric attid be present 
it stains it. This is an uncertain test. 

14. CopjMr, — Evaj^omte a portion of the beer to diymass ; incinerate ; dis- 
solve in W(*ak nitric acid ; test for copjn^r by the inwirtion of a clean knife ; by 
addition of ammonia and of ferrocyaiiide of potassium. 

15. Lead, — EvapomU? a considerable quantity of the beer to diymess; in- 
cinerate ; tlissolve in w'ouk nitric acid, and test f<»r lead as usual. (See ana- 
lysis of Water.) 


Sub-Section II. — Wines. 


CouqHjmtiou, 

Tlic composition of wine is so various that it is difficult to give a summary. 
Tlie following are the chief ingrodieiits : — 

1. Alcjdad , — From G to 25 jwr cent, of vt)lume. It has \)een, however, 
stated that the fennentation of the grajie, w’hen pro[>erly done, cannot yield 
more than 17 cent., and that any amount beyond this is added.} Some 
of the finest wines do not contain mort? than 6 to 10 per cent. 


Port (amdymf in England)^ 
Sherry {(mdyml in Entjland)^ . 
Madeira {amhje^d in Enyland)^ . 
Marsala {nnalymi in Engiami), 


Per cent, of Alcoliol. 
(Volume). 

1GG2§ to 23 ’2 
IG ‘ 25 

1().7 .. 22 

15 .. 25 


♦ (3iei»ical News, Sept. 0, 1862. 

t HclimliitV Jalirb. 1863, No. 4, p. 5 ; and OheniicAl Newn, March 1864, p. 123. ^ 

1 Mulder (On Wine, p. 186) emotea Gitiial to the eflecl that pure m>rt never <^ntai&a 
more tlian 12*76 per cent, of pure alcohol ; W Mulder doubt# this. Dr Oormaa atat^l 
the ParliaraenUry Comtnittee that pure sherry never containn more than 12 i^er cent, of alcohol, 

ami that 6 or 8 gallone of brandy are aihlwl to 168 gallons of Kherry. ...... 

I port unetl in the Queeii^a eaiabUshtueni contains only 16*62, and the Jughejt percent- 
age la 18‘8 (Honnanu), The sherry contains only 16 per cent., nnd tlic claret, 6*8o to 7 |ier cent. 
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Bordeaux wines, red (mean of 30 determinations of differ- j 
ent sorts : Chateau Lafite, Margeau, Laruse, liarsac, St ^ 

Emilion, St Est^plie, &rc.), ) 

Bordeaux wines, white (mean of 27 dtiterminations ( 
of sorts; Sauteme, Barsae, Bergemc, Ax.), . . / 

Rhone wines, rod (Hermitage, Montpellier, Froiitignan, Ae.) 

Rousillon, 

Burgundy, red (Beaune, 

„ white (Chahlis, !Ma^'on, Boauiu*), 

Pyrennean, 

Champagnes, ......... 

Moselles, . . ‘ , 

Rhine wines (dohaniiis])erg, Iloehheimer, Rudesheiiuer, A(!.) 
Rhino Hessian wines (Niorsteiuor, Liehfmueinnikh, Op- i 
penlieimer, Ac.), 

Wnrtemherg wine, ....... 

Hungarian wine, ........ 

Ittdian, ......... 

Syria, Corfu, Samos, Smyrna, Ihdu’on, Lehaiion, 


Per cent, of Alcohol 
(Volume). 


G-85 

to 

13 

11 


18-7 

8-7 

»i 

13*7 

11 

91 

IG 

7-3 

i» 

14*5 

8*9 

99 

12 

9 

>9 

IG 

5*8 

♦ 9 

13 

8 

99 

13 

G-7 

91 

IG 

10*2 

♦ 9 

15 

10 



9T 

99 

15 

U 

99 

19 

13 

99 

18 


S(i various is the amount of alcohol in wines from the same (iistriet, that a 
very general notion only can la^ (»l)tained hy ti 4 bh*.s, and a sample of the wintj 
actually used must gcmerally he analysed. 

To tell lunv mucdi pure alecdiol is tak»m in any deiinite quantity of wine, 
measure the wine in oiinee.s, and multiply it hy th(» percentage of alcohol willi 
a decimal point lM*fore it. 

Ktamph , — Wine drank Wing 0 oz., and tin? jHU'eeutage 13, then 9 x *13 
— liT oz. of ah.*<(iute alcohol. 


TTie amount of /dcohol ean }>♦* determined ]>y distillation or evaporation, as 
given in the Section on Bccr.*^ Instruments, however, an* re<pim*d, which 
indi<^aki a les.s sjwt ilic gravity than pure water. If the nit»dieal otticer has 
only a common urimniieter, the only plan will Im* to »liluti^ with pure wale*!* 
at 00^ so as to liouhle or ipuelrujile the w*inc, and in this way to bring the 
8|)ecific gravity als^ve tliat of watt*r ; then evaporak^ iw usiud. Take the 
difference of the, s{K*citic gravitit^s (before and after evajsiration) ; d(slm*t from 
1000, and look: in the. tabh* (i#. 221) h»r the amount of alcohol in tlie diluted 
wine ; by nmltiplying the result by 2 or 4, the percentage of alcohol in the 
undiluted wine is found. 

2. (Eth*rrH, — (Enanthic, citric^, malic, Uirtaric, ratjemfc, acetic, butyric, 
caprylic, caproic, p(?largonic. The “ bouquet” of wine is partly owing to the 
ethers — partly, it is said, to e.vtracdive matters. 

The only mode of detennining the ethers is by fractional distillation, /.e., 
by distilling small portions at a si'xs low kmipemture, so as to get over the 
ethers moKi volatile than alcoliol, then to distil the alcoliol, ami then to 
carry the hfisat higher, so as to get the elliers (if any) le.H.s volatile than alcohol 
TJiere is also a little aldehyde and auiylic alcohol in wdne, 

3. Alhuminous Matte tn — Extractive Colowna*j Matter. — The (piantity of 
albumen is not grtwit ; the extractives and colouring matter vary in amount. 
The (jolouring matkjir is derivo<l from the skins ; it is naturally greeniah or 
blue, and is made red by the free acids of wine. The bhiish tint of some 
Burgundy wines is owing, according to Mulder, to the very small amount of 


* » vaporimfiter ia an excellent plan when there are many anaiyufce t4» be made, but 

the metnnnent is ton delieate to be carried about. 
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acetic acid which these wines contaiit It is, according to Batilliat, composed 
of two matters — Bosite and Purpnrite. With age changes occur in the extrac- 
tive matters; some of it falls (apothema), especially in combination with 
tannic acid, and the wine becomes pale and less astringent. 

4. ^iigar exists in varying amounts, and in the form for the most part of 
fruit sugar. Sherry generally contains sugar, but not always ; it averages 8 
grains j)er ounce,* and appears to l>e highest in the home sherrias, and least 
in Amontillado and Manzanilla. In ^Madeira it varies fi’om G to 66 grains 
per ounce ; in Marsala a little less ; in port, from 16 to 34 grains per ounce, 
being apparently greatest in the finest wine. In cliampagne it amounts to 
from 6 to 28 grains, the average being about 24 grains. In the clarets, Bur- 
gundy, Eliine, and Moselle wines, it is absent, or in small amount. 

The amount of sugar is l>est detennined by the polariscope. The colouring 
matter is acted on by the alkali of the copper solution, and interferes with 
the appreciation of the change of tint, and must be got rid of by animal char- 
coal, boiling, and filtering. If any substanc(3 exists which is still turned green 
by the alkali of the copper solution, the wine must be neutralised, evaporated 
to dr^mess, and the siigar dissolved. As a rule, the copper solution employed 
directly with wine gives often A per cent, too much sugar (Felding), and a 
correction to this amount should be iua<le. 

5. A small amount of fat exists in some wine. 

6. Free Adds. — Wine is acid from free acids and from acid salts, as the 
bitartrate of potash. The principal acids are nicemic, tartaric, acetic, malic, 
tannic (in small (juan titles), glucic, formic (?), hw;tic (?), carbonic and fatty 
acids. Home acids arc volatile besides the m*etic, but it does not seem quite 
certain what they are. The tannic achi is derived from the skins ; it is in 
greatest amount in new port wine ; it is trifling in Madeira and the Ithine 
wines ; it is present in all whib‘ and most rod-fruit wines, except Champagne. 
Tlie tannic acid on keeping precipitates with some extractive and colouring 
matter (aj)Othema of tannic acid). 

7. Detenninatiim of the Free Acid if y. — This is done hy the alkaline solution, 
as described in the section on Beer, or if this is not procurable, the dried carbo- 
iiate of soda can be used. The free acidity is genemlly I'eckoned as tartaric acid. 

The amount of fr(»e acidity varies greatly ; in the acid Fn3ncli wines I have 
known it equal to 10 grains of tarUiric acid per ounce ; in common claret, to 
6 grains ; in the best clarf‘ts (Ijiifitte), it is *97 per cent., or 4 grains per ounce ; 
in the Ijeat champagnes it amounts to 1*12 per cent., or 4*8 grains per ounce. 
In port it averages 4 grains per ounce ; in sherr}", 4 to 5 grains ; in the Rhine 
wines, 4 to 7 grains. Some of the sweet wines contain much acid, but do 
not taste so iicid as the wine with less acid but without sugar. 

It m^ems to be of great importance to detonnine the free a^ddity of wine, as 
doubtless, not only in health, but in many diseases, the supply of acid to the 
systeitt miiy be a thing to be desired or prevented, and we can never treat 
discsase properly without knowing what we are giving. 

8. MU . — The salts consist of bitartrate c»f potasli, tartrate of lime, and 
soda, sulphate of potash, a little phospliate of lime, and magnesia, chloride of 
sodium, and iron. The magnesia is in larger amount than the lime, and 
exists sometimes as malate and acetate. A little manganese and copper have 
been sometimes found. In Rhine vrtno a little ammonia is fo\md (Mulder). 
The total amount of salts is *1 to *3 per cent., t.c., about 9 to 26 grains per 
jnnt, or J to 1 J grains per ounce. The salts can only be detected by ovaporor. 
tion and ignition. 


Ikn<»e Jones in on Wine/' p. 886. 
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The total aolids in wine vary from 3 to 14 per cent., or in some of the rich 
liquenr-like wines to more. The specific gravity depends upon the amount 
of alcohol and of solids, and varies from *973 to 1*002 or more. An approxi- 
mate notion can be formed of the total solids by taking the specific gravity, 
after driving off the alcohol by evaporation, and then replacing the water 
(see Beer, p. 218.) 

The quality of wine can be best determined by noting the colour, trans- 
jmrency, and taste (the taste or bouquet of wine is given partly by the ethers, 
partly 1^ extractive matters), and then determining the following points 

(1.) The amount of solids as given by the specilic gravity after the elimina- 
tion of the alcohol In the best clarets the specific ipivity is very nearly that 
of water. In some claret used in the Queen's establishment, and analysed by 
Dr Hofmann, the specific gravity was *99952. In inferior clarets it is as low 
as *995. The low specific gravity shows that alcohol has been added, or thht 
the solids are in small amount. 

(2.) The amount of alcohol ; a very small amount may show the addition 
of water ; a large amount the addition of spirits. 

(3.) The amount of free acidity. Tiiis is an important point, as it seems 
clear that some persons (especially the sick) do not readily digeat a large 
amount of acid and acid salts. 

(4.) Tlie amount of sugtir. The best mode of detcnnining this has been 
already noticed. 

(5.) It may be sometimes useful to detennine the amount and kind of 
ethers by fractional distillation. 

Excessive acidity of wine can be corrected by adding neutral tartrate of 
potash. Milk is also often used. The adJiti<^n of the carbrmatod alkalies, or 
of chalk, alters the bouquet of the wine. When wine In^comes stringy, in 
which case acetic and lactic acids, are fonned, it may be improved by adding 
a little tea ; about 1 ounce of tea boiled in 2 quarts of water should be added 
to about 40 gallons of wine. Jiitter wine is treated with hard water or sul- 
phur ; bad smelling wine with charcoal ; too astringent wine with gelatine ; 
wine which tastes of the cask with olive oil. 

Adulteratium of Wim. 

1. Water, — Knowm by ta.ste; amount of alcohol; sptjcific gravity after 
elimination of alcohol. 

2. Dutilhd Spirits , — Known by determining the amount of alcohol ; the 
normal percentage of the particular kind of wine being known. By frac- 
tional distillations the peculiar-smelling fusel oils may l)o obtained ; or merely 
rubbing some of the w ine on the hand, and letting it evaporate, may enable 
the smell of these ethers to be perceived. 

3. Artificial Colouring Matters, — ^There are no good methods of recognising 
these matters ; salts of lead, ammonia, and sulphide of ammonium, alum, and 
carbonate of potash, or ammonia, salts of tin, have been used as re-agents. 
The most useftil test appears to be this ; add to the wine about ^th volume of 
strong solutian of alum ; stir well and then add about an equal quantity 
of strong solution of carbonate of ammonia ; the natural colouring matter 
of the wrine when thrown down in this way has a greenish or dirty bloisli 
green colour, but there is no tinge of red ; logwood and several other abnor 
inal colours have a distinct red or purplish tint,* 

4. Lime Salts, — ^The so-called pl&trage ” of wines consists in the addition 
oi 1 to 71b of a mixture of sulphate of lime (80 parts), carbonate of lime (12), 

* Holder tpeoke very doubtfully sU eucb teete ; they eeem, however, better then nothing 
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quicklime and sulphide and chloride of calcium (8 parts) to 1 hectolitre of 
wine. Sulphate of lime dissolves in large proportion, and then interchanges 
with the chloride of potassium, and chloride of calcium and sulphate of potash 
are formed. The chalk forms acetate and tartrate of lime. The proportion of 
lime salts is then very large. The only precise way of detecting this adultera- 
tion is by evaporating to dryness, incinerating, and detcirmining the amount of 
lime. liut the following method is shorter, and will genemlly answer. The 
natural lime salts of wine are tartrate and sulphate ; when lime is added an 
acetate of lime is formed. Evaporate the wine to -jiyth ; add twice the 
bulk of strong alcohol ; the acetate of lime is dissolved, but not the sulphate 
or tartrate ; filter and test with oxalate of ammonia ; if a large precipitate 
oc-cur, lime has probably been added. 

5. Tannin may be detected either by chloride of iron or by adding gelatine. 
But as tannin exists naturally in most of the red wines (Port, Beaune, 
Roussillon, Hennitage, &c.), the question becomes often one of quantity. 
The amount of tannin can be estimated by drying the tannogelatine (100 
grains contain 40 of tannin). 

6. Alum , — This is detected precisely in the same manner as in bread. 
Evaporate a pint of the wine to dryness ; incinerate, and then proceed as 
directed in bread. 

7. Lead , — Evaporate to dryness and incinerate ; dissolve in dilute nitric 
acid, and test as directed under the head of “Water.’’ 

8. Copper . — Decolorize with animal charcoal, and test at once with fer- 
rocyanide of potassium. 

9. Cider and Perry . — Evaporate wine, and the peculiar smell of the liquids 
will be perceived. 

Port wine, as sold in the market, is stated to be a mixture of true Port, 
Marsala, Bordeaux, and Cape wines wdth brandy. Inferior kinds are still 
more highly adulterated with logwood, catechu, prune juice, and a little 
sandal w'ood and alum. 


IPmc ae an Article of Diet. 

So complex and so varying is the composition of many kinds of wine that 
it seems almost imiwssible to make any stah^ments w^hich shall bo applicable 
to all sorts. But, taking the w ines of France as representalivtis of the class, 
it is clear that wine contains, besides alcohol and ethers, several substances of 
great value as articles of diet, — viz., some allmminous substances, much sugar, 
and other carbohydrates, and abundant salts. The common experience of 
nations seems to prove that the employment of wine in moderation is useful 
as well as agit^eable. Wliether it i.s that the amount of alcohol is small, or 
whetlior the alcohol be itself, in some w^ay, different from that prepared by 
distillation, or whether the co-existence of carbohydrates and of salts modifies 
its action, certain it is that the moderate use of w’ine, which is not too rich 
in alcohol, does not seem to lead to those profoimd alt^jrations of the mole- 
cular constitution of organs which follow the use of spirits, even when not 
taken largely. Considering the laige amounts of vegetable salts wWcli most 
wines contain, it may reasonably be supposed that they play no unimportant 
part in giving dietetic value to wiua Indeed, it is quite certain that, in one 
point of view, they are most valuable ; they are highly antiscorbutic, and the 
arguments of Lind and Gillespie, for the introduction of red wine into the 
royal navy instead of spirits, have been completely justified in our ovm time 
by both French and I^gliah experience. It is now certain that with the 
same diet, but giving in one case red wine, in another rum, the .{mrsons on 
the latter system will get scorbutic long before those who take the wine. This 
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is a most important fact, and, in a campaign, the issue of red wines should 
never be omitted. 

To define precisely what is moderation in the use of wine is as impossible 
as in the case of beer ; that most persons, even in these days of comparative 
temperance, take too much is highly probable. After all, a point of this kind 
must be settled by individual experience. The groat object should be to dis- 
courage the use of the strong wines (15 to 23 per cent, of alcohol), to which 
spirit is so often added, and to encourage the use of the weak wines (6 to 10 
per cent, of alcohol). There is, of course, no doubt that wine is not necessary 
as an article of diet, and many persons are much better without it. 


‘ Sub-Section III. — Spirits.* 
Co7nj)osiiion of Spirits. 

The following table gives the chief points of importance + 


1 

1 

Name. j Sp. Gr. 

i 

Alcohol, 
per cent. 

Solids, 

JHT 

cent. 

Ash, i>f.*r 
cent. 

Acidity 
per ounces, 
reckoni‘<l 
as tar- 
taric acid. 

1 

Sugar, i)er | 
cent. 

Brandy, . . 

Gin, 

Whisky, . . 

Rum, . . . 

•929-*934i 50-60 
•93G-*944 49-60 

•915--920 50-60 

*874-'926 ; 60-77 

1 ii> 

“2 

•6 

1- 

1*05 to ‘2 
•1 

trace j 

•M 

1 Kraiii 
' 0-2 

0-2 

05 

0 or traced j 

1 ! 

0 i 

“ 1 


Brandy contains also cenanthic ether, acetic, butyric, and valerianic others. 
A little tannin and colouring matter from the csisk, or from caramel, are also 
present. If sugar is present in any quantity it must have Ixiteii ailded. The 
inferior kinds of brandy, prepared from potatoes as well as grain, contain 
potato fusel-oiL Rum contains a gocnl deal of but}Tic other, to which the 
aroma is chiefly owing. Gin, heshh^s containing the oil of juniper, is flavoure<l 
with various aromatic suhstances, — as Calamus armnatieusy corninfler, carda- 
moms, cinnamon, almond-cake and orange-|xjel ; Cayenne is often added. 
Whisky derives its characteristic flavour from the malt being dried over peat 
fires, or by the direct impregnation of peat smoke. 


• It may be worth whUe to give the names of some of the distiUed spirits used in different 
ports of the world, os the army surgeon may meet with them in the conrsc of serv-ice 


Nations by whom employed. 
Hindus, Malays, Ac., 

Greeks, Turks, Ac., 

Hindus, 

„ (Mohrattas), 
(Sikkim), 

Chuiese, 

JoDonese. 

PodSuskndm, 

Meiicons, . 

South As^cans, 

Tartars, 

Russians and Poles. 
Abyssinians, 


Name. 

Arrack. 

Raki. 

Toddy, 

Bojah, 

Murwa. 

Bamshoo. 

S4cie. 

Kawa. 

Ihilque. 

Chica. 

Koumiss. 

Vodki. 

Tallah. 


Obtained from 
Rice or Areca-nnt. 
Rice. 

CUxxm-nut 
Eleusine Corocaiia. 

Rice,* 

Macropiper. 

Agave. 

Maise. 

Mares* milk. 

Pots to. 

MiUei. 


chiefly taken fhan Bence Jones* Observations ** Appendix to Mulder ou 
Wine, * p. 98^ ; and fh>m Hassall*f ** Food and Adulterations,'* p. 645. 
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Spirits as an Article of Diet for Healthy Persons. 

Three sets of arguments have been used in discussing this q^iiestion, drawn, 
namely, from — 

1 . The physiological action of alcohol. 

2. Experience of its use or abuse. 

3. Moral considerations. 

To the last point I shall not further allude, for though I do not underrate 
the great weight of the aigument drawn from the misery which the use of 
alcohol produces, — ^a misery so great that it may truly be said, that if alcohol 
were unknown, half the sin and three-parts of the poverty and unhappiness 
would disappear from the world, — yet this part of the subject is so obvious that 
I do not wish to occupy space with it. To my mind, however, the arguments 
wdiich are strongest for total abstinence are dniwn from this class. Nor does 
any one entertain a moment’s doubt that the effect of intemperance in any alco- 
holic iKJverago is to cause premature old age, to produce or predispose to 
numerous discloses, and to lessen the chance of living very greatly. The table 
given below, ^ taken from iseison’s “Vital Statistics,^’ puts this in a strong 
light. 


* EffecU of Intornperaiioe, Neiuou^s “ Vital Statistics/’ p. 217, ct seg . : — 

Itaiio ])er mit. from the undennentioned Causes, to Deaths jrom all Causes, 


1 

1 Cause of Death. 

1847. 

Gotha Life 
Office 

Scottish 
Widow's' Fund. 

Intemperate 

Lives 

j Head diseases, 

9*710 

16*176 

20-720 

27*10 

1 Digestive organs (esfiecinlly those < 

1 of the liver), j 

6*240 

8*377 

11*994 

23*3 

1 Respiratory organs, i 

831.’i0 

i 

27*843 

i 23-676 

22*98 

1 Total of alwve three classes, . j 

i. 1 

49*100 

i i 

61*396 j 

66*390 

i 73*38 


It thus Bpj)caTs that th<‘. intemjMsratc have a much greater mortality fromliead and digestive 
diseases than other classes. 

t lu intemperate js‘rson8 the mortality at 21-30 years of age is 5 times that of tlie temjwrat© ; 
from 30-40 it is 4 times as great. It Incomes gradually le.sH. 


A Temperate pernon’s chance 
of living is. 


At 20-44*2 years. 
„ 30==3ti-5 
„ 40 = 28*8 
„ 60=21*25 „ 

„ 60=14*285 


An Intemperate person’s chance 
of lining la, 

At 2*)=15'6 years. 

„ 80=13*8 „ 

40 = 11*6 „ 

;; 60=10*8 „ 

60= 8*9 „ 


All these dinlurtions apjH*ar to Iw drawi from oh8er\'ation8 on 367 persons with 6111*5 years 
of life. The facts connected with these persons are wtdl authenticatiMl, but the number is small. 
The average duration of life after the comniencemeiit of the habits of intemperance is — 
Among mechanics, working and labouring men, ... 18 years. 

„ traders^ dealers, and tnen*hant«, . r “ 

,, professional men and gentlemen, ” 

„ females, 14 „ 


Those who are intemperate on spirits have a gntater mortality than those intemi^jerate on beer. 
Tliose who are intemperate on spiiita and Iwer have a slightly greater mortality than those 
intemperate on only spmts or beer, but the difference is immaterial. 


Spirit drinkers, . 

Beer drinkers, 

Spirit and beer drinkers, 


Menality per Annum. 

5*S^ per cent, (nearly 60 per 1000). 
4*597 per cent (nearly 46 per 1000). 
. . 6*194 per cent (nearly 62 i>er 1000), 
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The Physiological Action of Alcoholy taken as an Article of Diety and not 
in Poisonous Doses. 

Any physiological arguments for the use or disuse of spirits, or of alcoholic 
beverages generally, require to be used with caution, as our hinowledge of the 
physiological action of even pure alcohol, much more of the alcoholic beve- 
rages, is imperfect. The following is a brief summary. 

When taken into the body, alcohol is either not destroyed at all, or is so 
only in small part.* It is eliminated by the lungs chiefly ; the skin in a loss 
degree, and tlie kidneys in a smaU amount ; it hm been surmised that it may 
pass out by the bowels without absorption, but exact exfieriments are still 
wanting. At the same time, it seems extremely likely that the absorption 
has its limits. 

1. On the Stomach. — In very small quantities it appears to aid digestion ; 
in larger amoimt it checks it, reddens the mucous membrane, and produces 
the “chronic catarrhal condition” of Wilson Fox, viz., increase of the con> 
nective tissue between the glands ; fatty, and cystic degenemtion of the contents 
of the glands, and, finally, more or less atrophy and disapjxjarance of tliese 
parts. t Taken habitually in large quantities, it lessons appetite. 

2. On the Liver. — The action of small quantities on the amount of bile or 
glycogenic substances, or on tlie other chemical conditions of the liver, is not 
known. Applied directly to the liver by injoclirin into the portal vein, it 
increases the amount of sugar (Harley.) Taken daily in large quantities, it 
causes either enlargement of the oigan by producing albuminoid and fatty 
deposit, or it causes at once, or following enlargement, increase of coniiective 
tissue, and finally, amtnictum of (dissons capsule, and atropliy of the iK)rtAl 
canals and cells, by the }^rees\ire of a shrinking exudation (1). The exact 
amount necessary to pmduco these changes in the livtjr and stomach has not 
yet been fixed witli precision. 

3. On the Spleen. — Its action is not known. 

4. On the Lungs. — Any quantity le.s8(uis the amount of carbonic acid (and 
of wateiy vaiK>ur I) in the air of expiration, and this is probably true of all 
the alcoholic beverages, though there-' are some (liscrepancies in exfHiriments 
with diflerent kinds of B[>irits (E. {>mith). In larger quantities liabitually 
taken it also altera the raolcfmlar constitution of the lungs, as chnmic bron- 
chitis and lol>ar emphysema are certainly more common in those wlm take 
much alcohol 

5. On the Heart. — ^VMiile circulating through the minute structure, or 
applied to the end(x:anlium, it increases the rapidity and force of the heart for 
a time, but eventually grcMly lessens it. In large quantities habitually taken 
it perhaps alters molecular constitution, and tends to the deposit or the for- 
mation of fat, as well as pcjrhaps to other jwrenchymatous changes. 

6. On (he Blood Vessels. — It camses general turgewience, especially of the akin, 
apparently from a sort of paralysing action on the nerves of the small arterieck 

7. On the Blood. — The amount of fat is fsither increase/1, or it is more 
visible. The chemical changes in the blood are pwirtially arrested.}: 

• The exMrtmentsof Percy, Mmting, and of Perrin, and l>uroy, to me not 

to be invalidated by the criticiinn of Bauilot. Frmn mtholofftcnl ejttm there is atao evidence of 
tlie retention of alcohol in the brain and nervone flu ids for a Tong time. 

t Tbe«e changes are now considered by Wilson Fox to be closely allied with those oc^6ltfTiI]g 
in drrhotU of the liver, and in the contracted and indnrsted kidney. I>r fnx informs me that 
the association of those conditions In these oi|;ans '' has been tefore him with reinaiiLable fre* 
qoency/* 

t Harley. Proceedings of Royid l3oc., March 1864, Ko. 62, p. 160. 
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8. On the Nervous Systenh — In some persons it acts at once as an anaes- 
thetic, lessening the rapidity of impressions, the power of thought, and the 
perfection of the senses. In other cases it seems to cause increased rapidity 
of thought and excites imagination, but even here the power of control over 
a train of thought is lessened. In no case does it seem to increase accuracy 
of sight I nor is there any good evidence that it quickens hearing, taste, smell, 
or touch. In almost all cases moderate quantities cause a feeling of comfort 
and exhilaration, wliich ensues so quickly as to make it probable the local 
action on the nerves of the stomach has at first something to do with this. 
Afterwards the increased action of the heart may have an effect. Different 
spirits act differently on the nervous system, owing ])robably to the presence 
of the ethers ; some, os samshoo and raki, produce great excitement, followed 
by profound lorix)r and depression. Absinthe is also es]>ecially hurtful, 
apjMirently from the presence of the essential oils of anise, absinthe, and 
angelica, as well as from the large amount of alcohol. It appears that the 
properties are somewhat ditfei-ent acconling to the manner in which water is 
mixed wdtli the absinthe, i.c., suddenly or slowdy ; in the latter case, the 
particles of the absinthe are ra<»re divided, are al^orbed more easily, and pro- 
duce greater effects. 

9. On the Mo^Kular System . — Muscular power seems to be lessened, and 
this is most marked wdien a large amount of alcohol is taken at once ; the 
finer combined movements are less perfectly made. Whether this is by direct 
action on the muscular fibres, or by the infiuence on the nerves, is not certain. 

10. On the Metamorphosis of Ttmne . — Ibis is lessened, as is evidenced by 
a diminution in the elimination of nitrogen (as urea), and of carlx)n (as car- 
lK>nic a<Md). This indicates that less mechanical force is produced in the 
body, ami less work is got from the human macbinc. Large quantities of 
alcohol, therefore, tend to cause an accuuuilation in the system of imperfectly 
oxidized lK)die8, such as uric an<l oxalic acids. 

11. On tlee Action of the Eliminating Organs . — The action of the lungs 
and kidneys is les»»iied ; less carbonic acid, less urea, and less ^vater are 
eliminated ; that of the skin is not certain. Dr Edward Smith thinks it is 
lessened, and there is a])par(*ntly diymeas of the skin after the use of alcohol. 
But Weyrich * has noticed after spirits, lieer, and wine, a very large augmen- 
tation of the insensible cutaneous jierspiratiou. In large quantities the 
minute structure? of the kidneys suffers, the vessels and tulwa becomes thick- 
ended, and there?, is prolifcnition and mpid cell grow th, follow'ed by as rapid 
atrophy and shrinking. It has also l)een often noticed that even moderate 
spirit drinkers show very early an appearance of age, and this probably arises 
from the constant over distension of the small vessels of the skin, and perhaps 
from some change in the texture of the skin itself. 

It is certainly undesirable to draw any strong conebusions as to the use of 
alcohol in health, our ]m?sent knowledge of its physiological action, but 
it is impossible not to feel, that so far the |wgH?ss of physiological inquiry 
renders the propriety of the use of alcohol in health more and more doubtful 

It api»oars to decrease strength and to imi>air nutrition, by hindering 
oxidation, and if in lai'ge quantities, the reception of food ; wbile habitually 
taken in any large quantity, it lom^s to dt?generation of the tissues of certain 
organs, »es|)eoially of the liver, the nervous system, the heart, lung^ and 
kidneya If we look upon the body as an ag(uit of work, from which we 
desire to obta^as mtich mechanical and mental force as is compatible with 

• Die ttiimorkHehs WMwrverdmwtung Aw Mensdil. Hftut. Von I>r V. Weyrich, 1862, 
p. 117. 
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health, we can consider the effect of alcohol, se, as simply a means of 
pTeventing this development of force. But physiological experiment does 
not yet point out what quantity is necessary to produce these effects, nor 
whether a high degree of dilution, or the admixture of other substances, 
may not to a certain extent counteract the action of pure alcohol. ^ 

The Arguments from Experience for and against the use of Alcohol In Health, 
are at present our chief guides. 

Beer and the weaker wines contain otlier ingrodients which are useful, and 
when used in moderation the quantity of alcohol is small. Experience does- 
not show at present any increase of sickness, proiituiess to special diseases, o» 
lessening of duration of life in those who take modomtely of l>eer or th^l 
weaker wines. In some cases, indeed, tlie mudeiiite use seems to increase 
appetite and improve nutrition. But, on the otlier hand, exj>erience most 
decidedly ^ows that the highest health, the greatest vigour, and long life, 
are quite compatible with entire abstinonco from those liquids. 

In the case of spirits the I'esuit of experience is ver\^ dilferent, and I believe 
it may be assf?rted that exporienco does not wuiotiou the use of spirits; or if 
in health their employment is useful, it can only be, I Ixdiove, in ipiite ex- 
ceptional circumstances, viz., when either a sinlden stimuhuit is lu^eessary fur 
a failing htjart, or M’hen, in cases of deticient food, it is desired to lesseijj^^l^ 
far as possible the waste of tin? body, or to diminish mental [>ower. 

ities, it 

Ecidence on the Use of Spirits under carious circnmsiancesf d fatty 

Great Cold , — Tliero is a singxilar unanimity of c»piiuon on tliis 
observers condemn the use of spirits, or of wine or beer, m a preve*^^^: 
against cold. In the Arctic regions we have on this h«»ad tlie evidence r 
John Kichardson, Mr (ifiodsir (in Sir J. Fmnklin’s lirst voyjige), iJ* ^ 
Captain Kennedy (in tin* last 8e«irch for Sir J. Franklin, when 
crew were bH?totidlei’s), Dr Kane, Dr Hayes (sui^eou of the Kutk . ... • 

and others. Dr Ilayt'-s, imleed, says in his hist }>a]»er (185D), t 
only not use spirits, but will take no man accustomed to use thei^ 
if ** imperious necessity olJiges him to give s[)iriu, he will give them in small 
doses fr(if]U<mtly, as the excitant action is followed by a verj' dangerous 
depression/' In the AntaixAic regions, and in the cold whaling grounds, we 
have the strong evidence of Dr Hot»ker to the sanu? purport, and the customs 
of the many tectotid whal«*rs. In North America, the Hudson’s Bay Com- 
pany entirely excluded spirits, partly, no doubt, to prevent their xlmi among 
the Indians, but partly, in all pnibability, from experience of tlieir inutility. 
Dr Carpenter quotes fi-ora Dr Kniill a staUunent, that the Kus.sian army on 
the march in cold weather not only use no spirits, but no man who has lately 
taken any is allowed to march. The guides at (diamouni and the Oberland, 
when out in the winter, have invariably found spirits hurtful ; they take only 
a little light wine (Forbes). The liathing men at DiepjK?, who are much 
cx{K)sed to cold from long standing in the sea, also lind that spirits are 
hurtful, and take only a little weak wine (Levy). 

The reason of this is not difficult to find, when we rememlxyr the lessening 
of pulmonaiy carbonic acid, and the impairment of the clmmical changes 
(correlated to heat and meclmnical motion) which alcohol pimluces. The 



♦ I have largely fmm Carrsmter’* admimhlc Eiway on Temiyentnoe, and Kin other 

wntmp, and alto from Sjienocr Thomaon’a nacful work on the name enbjisct, a« well aa from 
many olher wntem. 
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iustancea in which spirits are popularly supposed to be useful, are those in 
wliich hot water is taken with them, and the benefit is doubtless simply 
owing to the heat of the liquid. 

Great Heat , — Hie evidence here also is almost equally conclusive against 
i he use of spirits or beverages containing much alcohol. Dr Carpenter has 
* . ‘jmbled the most conclusive testimony from India, Brazil, Borneo, Africa, 
and Demerara. Hie best authorities on tropical diseases sjieak as strongly ; 
Robert Jackson, Ranald Martin, Henry Marshall, and many others. It seems 
quite certain .also that not only is heat less well borne, but that insolation is 
predisposed to. 

Kor is the common notion that some form of alcoholic Ijeverage is necessaty 
m tropical climates other than a mischievous delusion. I brought to Dr 
..’arj)enteris iioticto the case of tlie 84th Regiment, in which I formerly served, 
which from the years 1842 to 1850, numliered many teetotallers (at one time 
more than 400) in its rtinks ; and the reconls of which regiment show that, 
both on common tropical ser\'ice, and on marches in India, the teetotallers were 
more healthy, more vig<iroiis, and far liettcr soldiers than those who did not 
ahstai^* Hic experience of almost every hunter in India will be in accord- 
ance with this. 

< )u this pt>int, tbe greatest Army Surgeons have spoken strongly (Jackson 
especially, and Martin) ; and yet nothing is more common, even at the present 
fiu- than to h(‘ar t»ilicers, both in India and the AVest Indies, assert that the 
actioii requires alcohol. These are precisely the climates wliere fdcuhol is most 

a diiui regard to scTvice and exercise in the (rojacs, we have the strong testi- 
bonic ,1 Ranald Martin, tliat Avarm tea is the best beverage ; and this will be 
bodytKirated, I l^elieve, by every one Avho has made long inarches, or hunting 
ulcoVsions, in India, and has carefully observed Avhat kind of diet Ix^st suited 

OXKL 

11. (hmbt, in its opposition to tbe n^giessive metamorphosis, already 
and kidnt^U*rfered with !>>' the high tempemture, that we are to look for 
eliminated ; pernicious (‘tfeci of alcohol, when used under the influence of 
lessened, and ^ the view, that the ])erspiratiou is lessened by alcohol, turns 
coiwt, we have aiu^ther cause for the hurtfulness of alcohol, as 
then the great ageu<‘y by which the heat of the body is lowered, viz,, surface 
evRjx»raliou, is less^uied. 

Ttie Ejrj^ieureif and Ejcerihms of ITcir. — fhi this point also, there is con- 
ttiderabie unanimity of o]iinion. The givatest fatigues, both in hot and cold 
climat<?s, have Ihnui well lK)rne ; have l»een, imh*ed, lH‘st borne by men who ttx)k 
no alcohol iii any shajK*. The march, which Sir James M*(»rigor says was 
made under fatigues as gn‘at lus troops ever undeiwent in any Avar, viz., 
across the desert to jiuii *Sir Italph Al^ettrromby in Egyj)t, in 1804, Avas 
accomidished A\dthout spirits ; and not only accompli sheet but the troops 
“ wrere rcunorkably bt^dtliy.'' 

To cite a w^ell-known indiviilual iiishinco of gn,‘at exertion in a hoi climate, 
RolKArt Jackson marched 118 miles in Jamaii a, carrying a load equal to a 
soldieris, and decided that “ the Knglish s<Jdi(T may l>e nuidertHi capable of 
going thr(.aigh the soviuxsst military' s<»rvit‘e in the West Indies ; and that 
temi>enuu‘C Avill lx* one of the liest im^ans of enabling him to ]>erfonn his 

• SiXj **Cttrpent|l'’H IMi\*»ioU>gv of Tern jwmiice " for full details. The officers, who, by their 
example aail precept pnxiaced thin great eilect in n n‘giinent in India, and pwvetl that men are 

healthier and nappter in India without any alcoholic leverage, were Lieut, -Colonel willinffton, 
Captain (now M^or-General) RusaelU and Lieut and Adjutant Seymour, an officer of the 
greateat promiw, who die<l from dysentery, contracted during the mutiny. 



234 


ALCOHOLIC BKVEHAGES. 


duty with safety and effect. The use of ardent spirits is not necessary to en- 
able an European to undergo the fatigue of marching in a climate whose mean 
temperature is from 73® to 80®. I have always found the strongest liquors the 
most enervating.” 

Even under circumstances when the use of spirits might be supposed a 
priori to be useful, as when men are exposed to cold and wet, soldiers are 
better without alcohol. On this point, no testimony can be stronger than 
that given by Inspector-General Sir John Htdl, K.C.B.* 

He says : — 

** Mj own opinion is, that neither spirit, wine, nor malt-liquor is necessary for health. The 
healthiest army I ever sensed with had not a single drop of any of them ; and although it was 
exposed to all the hardships of Kaffir warfare at the Cap of Good Hope, in wet and Inclement 
wither, without tents or sltelter of any kind, the sick-list seldom exceeded one per cent. ; and 
this continued not only throughout the whole of the active oi>eration» in the field duriiu the 
campaign, but after the men were collectetl in standing camps at its termination ; ana this 
favourable state of things continued until the terminatiou of the war. But immediately the 
nien were again quartered in towns and fixed i>osts, where* they had fitjc access to 8j>irits, an 
inferior species of brandy sold there, technically called “CajMi Smoke,” numerous complaints 
made their appearance among them. 

In Kaffraria, the troops were so placed that they had no means of f)btaining liquor of any 
kind ; and all attempts of the “ Winklers” to infringe the police regulations were so x^marily 
and heavily punished by tines and expulsion, that the illicit trade wa.s eireetually suppresserl by 
Colonel Mackinnon, the Commandant of British Kaffraria; and the consequence was, tliat 
drunkenne.s8. disease, crime, and insulKuxliiiation "were unknowii ; ami yet that army *was 
frequently placed in the very jmsition that the advocates for the issue of sjdViU would have said 
reouired a ai*am. 

Small as the amount of sickness and mortaliiy was in the Crimea, during the wint^sr 18f»6^“6, 
they would have been retluced one -half, I am quite sure, could the rule that was observeil in 
Kafferland have l>een enforced there.” 

In tbe saine Kallir war (1852), a niarr)) was marie by 200 men from Orftham’R 
Tovti to Bloomfnjiithein, and bick ; lOGO miles were covered in «eventy-(>ne 
days, or at the rate of nearly 1 5 miles daily ; the men were, almost naked, were 
exposed to gnfat variations <if tenqH'rature (exces.sive heat during day ; while at 
night, water frrize in a lieli tent, with twenty -one menslcMqdng in it) ; and got 
as rations, only Imeuit, meat (l|lb), and what game they could kill. Fur 
drink, they had nothing liut water. Yet thismpid and laWrious march was 
not only perforau^d Cfasily, but the men >vere “ more hwilthy than they had 
ever been before and after tbe lira! few days, ceased U> care alK>ui spirits. 
No man was sick till the end of tbe march, when two men got dysentery ; 
and these were the only two who had the chance of getting any liquor. t 

To take an insUnce from a colder climate, and a more rigorous exposure, 1 
will quote the opinion given by J )r Mann, one of the few American Surgeons 
in the war of 1812-14, who have left any account of that contest. 

Dr Mann saysj — “ My opinum long has lieen that aKlent sjiirits are an 
unnecessary pari of a ration. Examples may be furnishml to demonstrate 
that ardent spirits are a useless part of a soldier's ration. At those peruKls 
during the revolutionaiy war, when the army nHjeived no jmy for their 
services, and poasesse^l not the means to procure spirits, it was healthy. 
The 4th Massachusetts Regiment, at tliat eventful jxmod of which I was the 
surgeon, Icflt in three ytjars ]>y sickness not monj than five or six men. It 
was at a time when the army was destitute of money. Iluring the winter 
1779-80, there was only one occurrence of fever in the regiment, and that 
was a pneumonia of a mild form. It was observable in the Iasi war, from 
December 1814 to April 1815, the soldiers at Plattsburgh were not attacked 


• Mescal Htatory of the War in iho Crimea, rol. i. p. 604. 

t wa» relaUMi to me by one of tho men who made the march ; Corporal Paul of the latli 
lu^ment. * 

t Qnoted by Hamilton, Military Surgery,” p. 61. 



SPIRITS. 


235 


with fevers as they had been the preceding winters. The troops during this 
period were not paid ; a fortunate circumstance to the army, arising from 
the want of fun^. This embarrassment, which was considered a national 
calamity, proved a blessing to the soldier. When he is found poor in money, 
it is always the case that he abounds in health — a fact worth recording.” 

To take only one more instance. The 10th corps of the army of the Ger- 
manic Confederatioji, in the autumn of 1840, had 27,859 men under arms. 
Of these 21,752 rtjceived rations of spirits, and gave 472 sick, or 2*17 per 
cent. ; 6107 receivcKi no spirits, and gave 79 sick, or 1*27 ]>er cent.'*^ 

Dudplimt Temper^ Cheerfulness^ Endurance. — It is a fact known to every 
officer that good disciidine is inversely as drunkenness ; but it is not so well 
known that when debarred from spirits and fermented liquids, men are not 
only better behaved, but an3 far more cheerful, are less imtable, and endure 
better the hardships and perils of war. I’he courage and endurance of a 
drunkard are always lessened ; but in a degree far short of drunkenness, spirits 
lower the boldness and cheerfulness of spirit which a true soldier should 
possess. This was remarkably sluAvn by the “ illustrious garrison” of Jellala- 
bad 1% the old Alfghan war. ])el)arr(*d from all alcoholic Ixjverages, it was 
noticed by all that the men were not only in-althier and better behaved, but 
were more hopeful and cheerful than could have been anticipated. 8ir John 
Hall’s exi)erience is to the wiine eflWt ; and there are many other instances. 
ITiis is no unimportant matter for the combatant otlicer to consider ; the spirit 
of the trooj>s may make the diirenuice lM*tween a success or a reverse. Tlio 
expc'riencc of the present American civil war abounds in instances of the effects 
of the use or disuse of spirits. A surgeon of tlio Tiiited »States army, after 
describing the improvement of discipline, says, “ The curse of an army is 
intoxicating Inpiors ; the spirit ration is the gi’eat source of all this mischief.” 

Another writer siiys — 

1 have been Imsily eiijplcye«t in pjiasiiig through the entire line of the Federal army on 
>>oth aides of the Potomac, and have had t*x<*ellent oj)|»ortunities for exainining into the 
character and eomlition of our troups, whom there are now, in this department o! our army 
atone, some 25(1,000. In pneral, 1 Imve found them in the mast satUfaetory condition, in good 
health, and well pif>vi<led with all that a generous (iov<*niment and a patriotic people can 
fumiKb. Yet 1 have had o<'<*a«iou to observe a remarkable difference in the appeimince of the 
different regiment*. In «(»me cases I have found their nun dirty, their camps disorderly, and 
their whole atipea ranee shabby ; in others, everything neat and liAy, orderly, and well disitosed. 
On inquiry, I nave found that the diffejvnee is owing in a great degree to the course which the 
cemunanding ofli<^er8 have jmraued in ndation to the use of intt>xicating drinks. Where, as in a 
great many instances, the cidonel iuts (umeb'd a * prohibit nr)' law,' and lorbitlden the admission 
of liquor intt^ the camp, 1 fuul everything in the Ixwt condition, the l>esi health, the best order. 
Where there is no ' pmhibithm,’ the men are quarrelsome, disorderly, and slovenly. Any 
colonel can pn>hibit. Home do, and w'c see the consiHiueiu es ; some do not, and we see the 
difference -- a diffenuire so apparant, that in many cases where the commanders are not thent* 
aelvea teetotallera, they compel their soldiers to* be so, in or<ler to maintain good order, and 
have an efficient ami welblndiaved icgimenl. 1 was mm h gratitied to find that a great many 
officers and soldiers alwtained entindy— not Iwcausc they were coinj^elled, but chose to do so. 
No amall nuntiWr of otfu’ers in high aminiaud are tectoiallors. The result of all my ol>ser\’a- 
tiona in reganl to teniwrance in thia great army at Washington is, that the common sense of 
txdh otBcers and men is strongly in favour of pr<»hihition ; ami wherever it has Wn cnforcetl 
with fidelity and vigilancfe (aiul it re<piires a gmal deal of iMdhl, it has been in the highest degree 
iMjneficial. Wliere prohibition ha* not Ihh*ii made effective, the difference is so striking, as 1 
have said, that it must impress nixm all minds the desirableness of having all intoxicants ex- 
cluded^ even on the ground of muiiar}^ discipline alone,”- T iWj?, Nov, 2», 1821. 


fo 

Malaria , — Theie are instenceff Ixitb for and agiiiiifit the view that apiritel 
are useful againat malaria. On both sides, the evidciico is defective ; butt 
there are so many cases in which persons have been attacked with malarioud 


SqulUier : Dos Sulwatoncea Militaires,’* p, 4*22. 
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disease who took spirits, that it is impossible to consider the preventive 
powers great, even if they exist at all. On the other hand, when teetotallers 
have escaped malaria (as m the instance recorded by Drake ^), there have 
' been other circumstances, such as more abundant food and better lodging, 
which will explain their exemption. Tlie probability is, that the reception 
and action of malaria is not influenced by the presence or absence of alcohol 
in the blood, unless the amount of alcohol is so great as to lessen the amount 
of food taken. 

Yellotc Fever , — It is a general ojunion in Xew Orleans and Mobile that the 
victims of yellow fever arcj chiefly tlioso wdio drink freely (Drake). Tlie old 
West Indian ext)erience is to the same efiect. 

Cholera, — Iiitemj>erance, se^ has no influence, and teototalism does not 

guard against cholera. ‘ When a regiment is attiicked with cholera, and the 
men take to drinking, a number of j)seudo-cases come into hospital of 
vomiting and cramps, which are often nitunied as cholera, but I believe 
they seldom if ever p4iss into tnie cholera. 

Dyseiitery, — It has Ix^en supposed, from some statistics for 1847, publislied 
in the “ Fort George Gazette,*’ that k»etotallers wi^re more subject to dysenh^iy', 
but the ern^r w'as committed of not estimating 8uf!it‘iently the infliiem^e of a 
jiarticular station (Secunderabad), wluirt^ it so happened a number of tee- 
totallers were stationed during an outbrcjak of <iysenteiy. The conditions of 
the station were to bhime, not the habits of the men. 

Ix>oking back to this evidence, it may 1 k» askt*d, an? there any einmmstanccs 
of the soldier’s life in which the issiu‘ of spirits is advisable, and if the ques- 
tion at any time lies between the issue of spirits and toUl abstinence, which 
is the \mt I 

To me there stvins but one answer. If spirits ludtlier give strength to the 
body, n(^^ sustain it against disease — art' not protectivt* against cold and wet, 
and aggravate rather than mitigate the eflects of heat — if their use even in 
moderation increases crime, injiiivs discijdine, and im]Miir« hope and (diHjrful- 
ness, — if the seven\st trifvls of war liave l«*C‘n not mi'itdy bt>rne, but most e4i«ily 
borne, without tlnun, if there is no evidence that they art' proU'ctive against 
malaria or otlier disea-stis, — then I conceive the iiH'ditud ofheer Mill not Iw jtis- 
tilifxl in samiioning their issue under any circumstances. t 

Thii terrible system which in the Kxst and West Indif's rnacb^men drunkards 
in spite of themselves, and which by the issue of the morning dram did more 
than anything else to shatter the constitutions of the yhung soldiers, is now 
befioming a thing of the [»ast. But the soldier is still pf^niiiited to get spirits 
Lx> easily, and is too ignorant of tlwir fatal uifluence on his health. J Still 
the British army Ijears the unhappy character of the most intoin|wraie anny 
in Europe, and it is certain that its moments of misconduct and misfortune 
have Wn too fK?quently caused by the unrestrainable passion for drink. 


* Oii the Interior Valley of North America. 

t Yet w inveterate iit the tendency to order that when great efTorte were made, and 

woiiUl have ls»en continaefl to be mad^, to aupniy Is'er to the troo{w during the (Crimean War, 
medical officers were found to ailvise Ijorfl Haitian to njin for Imw. 

^ ] noticed in a Hanitary Rejtort from Newera Elba, in (>*>')on (in 1H00), that iiivaltda who 
are sent to that »anitarinm are permittee! to piirchaae apirita cheaply and without reatrietion. 
What i* tiie uw of sending men to hill climatea, and then at once neutralising the Ismefit 
by such a regutatinn as ihfsl It k the same jtoUey which thought that the mere change of 
climate would do alb and that sanitary tegulations and ordinary pnwlcnre were quite nnneceS' 
saiy. While theae aheeta are going thTOiigh the press, ftir Hugh Hose has iaaued an order 
redttdng the spirit ration in India to one* half. He has ma/le many improvetnenta ; thin la one 
of his greatest ; let him complete H by cutting off the other half, and forbidding the sale of 
“ " near barracks. 
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Bemembering all these things, and how certainly it has been proved that 
drunkenness increases the spread of syphilis, it is not too much to say that 
the repression of this vice, both by example and precept, must be considered 
to be the duty of every officer in the army. Moderation should be encou- 
raged by precept and example ; wholesome beer and light wine should be 
invariably substituted for spirits, and if these cannot procured, then it may 
safely be said that the use of tea, coffee, or simple water is infinitely prefer- 
able to spirits under all circumstances of the soldier’s life. 


SECTION IT. 

NON-ALCOHOLIC BEVERAGES. 

Sub-Section I. — Coffee. 

Com)>ositi<m. 

In 100 Parts (Payen). 

Water 

(’ellulose 

Fatty substances .... 

Sugar, dextrin ( 

Undcfteniiined vegetable acid j 

Legumeii 

Nitrogenous 8iiT)stance , 

( 'Offee-gallate of potash, and caffein * 

Free caffein .... 

Insoluble solid oil . . . 

An>matic oil ... . 

Mineral substances — Potash, magnesia, lime, phos- ) ^ 
phoric acid, cliloriue ) ’ ^ ' 

Tlie potash is in larg<‘st amount. Tlie total amount of caffein (free and com- 
bined), according to Payen, would be alKUit P736 per cent. ; but this is more 
than other observers have found it (1*31 per cent.) In roasted coffee berries 
the average of Boutron and Kobiquet’s analysis gives *238 per cent, of caffein. 

When coffee is roasted it swells, but becomes lighter (15 to even 25 per 
cent, if the c(»ff(»e is dark-r(»a8tod). Tl\e .sugtiv is changed into caramel, the 
peculiar aroma is developed, the union between the caffein and the coffee- 
gallic acid is broken up ; w^voral gases are fanned, viz., carbonic acid (in 
greatest amount), c^bonic oxide, and nitrogen. It is owing to these ga^s 
that the roasted coffee swells so much (Coulier Recneil de J/cwionrs de Med, 
Mif. Juin 1864, p. 508). The temperature in roasting should not be higher 
than 320*^ Falir. 

An an artide of diet^ coffee stimulates tlie ner\' 0 U 8 system, and in large 
doses produces tremors. It incriMisca the force and frequency of the pulse, 
and removes the sensation of commencing fatigue during cxercisa It has 
been said (J. Ix^hmaim and others) U> lessen the amount of urt«v and phos- 
phoric acid, but this is doubtfuCt It apfiears, however, to increase the 

• Payen call* the Jiciil chloroginic, but I hare need the term employed by Rochledcr. 

t Wails Hopjie found a decrease in doge, Voit found no alteration of urea; and soine very 
ihuWHiI expenmeikta made by Mr Squarcy of University College do not confirm Lehmanns 
ebaervatlona on men «o far a« the urea is etmeenied. Mr Suuarey^s experiments are far more 
ocwiplele than those of Lehmann ; the urea was not afiecteil even by very large quantities of 


34 
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urinaiy water. The pulmonary carbonic acid is said to be increased (E. 
Smith). It increases the action of the skin. 

Coffee is a most important article of diet for soldiers, as not only is it 
invigorating, without producing subsequent collapse, but the hot infusion is 
almost equ^ly serviceable against both cold and heat — ^in the one case, the 
warmth of the infusion, in the other, the action on the skin, being useful, while 
in botli cases the nervous stimulation is ver^^ desirable. Dr Hooker tells us 
that in the antarctic expedition the men all preferred coffee to spirits, an<l 
this was the case in the Schleswig-Holstein war of 18i9. 

The experience of Algeria and India (where coffee is coming more and 
more into use) prove its use in hot climates. 

But there is another rocoiuniendation — it has been asserted to be protec 
tive against malaria. Tlie evidence, certainly, is not strong, but still is suffi 
cient to authorise its large use in malarious districts. 

Mahiny of Coffee , — But the use of coffee con never l>c fully obtained unless 
the infusion is well made ; and it should not be beneath the dignity Of the 
medical officer to attend to the making of coffee for troops. 

Roasted coffee must be .served out to troops, as the delicate operation of 
roasting can never be performed by soldiers. Exposed to tlie air, the roasted 



Fig. 59.— Testa of raw Coffee x 170, the rigbt haiid figure shows the doable ajiiral fihress ia ' 
the raphe of the berry x 500, 

and ground coffee loses its aroma in from two to four months ; but if packed 
in tins it will keep it for several months. The tins should not be too large, 
so that no more than necessary may be exiK)sed to the air. 

The coffee* must not be boUed, or the aroma is in part dissipatad ; but if 
made with water of 180® or 200®, the coffee only gives up 10 to 25 per cent, 
whereas it ought to yield 30 to 35 per cent. The amount, however, de- 
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pends also on the kind and degree of roasting. In order to get the full bene- 
fit of the coflee, therefore, after the infusion has been poured off, the grounds 
should be well boiled in some more 
water, aiid the hot decoction poured 
over fresh coffee, so that it may take 
up aroma ; thercoffee thus partially 
exhausted can be used on the next 
occasion for boiling. 

To clear the coffee some cold 
water should be poured in from a 
little height ; the cold water sinks 
throttgh the coflee, and carries down 
the suspended particles. The infu- 
sionof coifee has a specific gravity 
of .i^ut 1008 to 1010; the oil, 
iiigar, dextrin, ami mineral 
natt^’aro taken up by water. 

Choice of Citi/fcc. -'-This is deter- 
mined entirely by the aronm ami 
taste of the roasted coffee and of 
the infusion. If the coffee has 
tefin damaged (as by «ea-vvater, Fig. C0.-Ka« cofrec-be.^|UraD.vetse section 

when the berries arc washed in 

fresh water and re<lri(Hl), there is always a disagreeable taste even after roast- 
ing (( !hevallier). The Ixjrries give up les.s than usual to water (12 per cent.) 



fig. 61.— Rottsteil Coffise ; the dirrh cells, containing air, show the spiral fibre. 

AduHeraiiofis , — The microscope detects adulterations with the greatest 
facility. 

The structure of the coffee beny is shown in the drawings. 

The long cells of the testa (figs. 69 and 61) arc veiy mark^. The 
interior of the berry also presents characters which are quite evident ; an 
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OTWdar areolar tissue contains light or dark yellow angular masses and oil 
globules which are very different from any ^ultemtiona The little coA- 

screw-like unrolled spiral 
fibres are chiefly found in 
the bottom of Uxe mphe. 
The usual adulterations of 
coffee are chicory/ roasted; 
cereal grains or beans, pota- 
toes, and sugar. 

1. Cliicoiy is discovered 
by its smell ; by sinking in 
water when roasted (eofiee 
t,/ floats, in consequence espe 
cially of the development 
(ff gas during roasting, not a 
very good t<!St, as coffee at 
last sinks) ; by yielding a 
( darker and denser infusion, 
the 8|)ocific gravity of which 
is 1018 to 1020, and by its 
microscopic clxaracters. These 
are the most important, and 

, — , — * ^ ix>th the cellsand dotted ducts 

ii*' of chicory are quite cbarac 

Fig. 62.--llaast«d coffi^-beny ; transvenia sectiuu. teristic ; at least nothing like 

them exists in coffee. 

2. Roasted com or Iwans is at once known by the stanh-grains, which 
frequently presei^^e the precise character of wdieai r>r Iwirlev o 



Fig. 63.— Chicory root ; cell* and dotted dnets. 

V 

these ^tis, p. 174.) Iodine turns them at OQce blue. The infti- 
t a blue with iodine. 


•ClfiSd **'■'*’' •®‘'"*** mMgrtd-waiwJ, 
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3. Potato «tarch is also at once detected ; there is nothing like it in coffee, 
(See ffgare p, 178,) 

4. Sugar is detected by solution, and by the copper solution which it reduces, 
as tl)e kSid of sugar is almost always glucose. If caramel or burnt sugar be 
present make an infusion, evaporate, dry, and taste ; if the extract be brittle, 
dark coloured, and bitter to the taste, caramel has been added (Hassall). 

5. Hassall hks also detected adulterations with mangold-wurzel, parsnip, 
carrot, acorn, and saw-dust. The cells of mangold-wurzel are like chicory, 
but much larger ; those of carrot and parsnip are something like chicory, but 
contain starch cells ; the starch of the acorn tiro round oval grains with a 
deep culvert depression or hilum. 

Sub-Section II. — Tea. 

The chief kin<is of black tea are Soiudiong, C'ongou, Oolong, and Pekoe. 
Boliea is not now found in the market, llio chief green teas are Hyson — 
Hyson -stem, Twankay, ( -aper, and Gunjwwdor. 

Per cent. 


uop^wition of Black Tea.* 

Pry tea. 

Moist tea. 

Theiii, 

1-778 

1-576 

Albumin, 

2-GBO 

2*375 

Dextrin, . 

0*780 

8 -008 

('’ollulose, 

22*050 

20-077 

Wax, 

*150 

•130 

Chlomphyll, 

2-145 

* 1-901 

liesin, 

2*480 

2-203 

Tannic aci<l, 

15 -7 GO 

13.969 

Ai)therial oil, 

*755 

-GG9 

Extractive mailers, 

20-770 

18-410 

Apotluana, 

*780 

•COO 

Ash, 

5-425 

4-808 

Water, . 


C-5 


Tim ash couftists princi])ally of jiotash, soda, magnesia, phosplioriS acid, 
tddorine, carlnmic acid, iron, and silica 

There is nUln*r more taiuiic aci<l, and mort* thein and atherial oil, in green 
than bhnrk te«i, and less cellulose ; otherwise the composition is much the 
same (Mulder), 

In some gwid teas the amount of tlnnn is mucli greater. Peligot found as 
much «I8 G’21 iH?r cent, in dry tea. The theiii is combined with tannic acid. 

Black tea contains fnun G to 10 per cent, of water — more often the latter 
quantity ; green tea, about 8 per cent. 

Blj^k tea yields to lK)iliiig water, . 29-~^15 per cent 

As a niwiii, . . 38 „ 

Green tea „ „ „ . . 40-48 „ 

As a mean, ' . 43 „ 

About fthfl of the soluble nmtters am tikeii up by the first infusion with 
hot water, * 

If water contain much lime or iron, it will not make good tt»a ; in each 
case the water should be w^ell boiled vritli a little carbonate of soda for 15 or 
20 minutes, and then poured on the leaves. 

In the infusion an^ found dextrin, glucose, tannin, and ihein. About 47 per 
cent, of the nitroginous substances jmss into the inftision, and 53 per cent, re- 
mains uiidi.ssolveil If stxla is added, a still greater amount is given to water. 

• M««ii of amlyjHJw by Mulder. Warrington, Stenhoudie. and Peligot. U’Hken from Moleschott. 
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^ — gceezi tea is either natural or coloured (faced) with indigOi prussiaii 
Uue, day, carbonate and acetate of copper, curcuma, gypsum, and chalk, 

Smping the tea-leaves and microscopic examination at once detect the 
shining blue partides of indi^ and prussian blue ; and the addition of an 
acid indicl^ which is indi^. Copper is at once detected by solution in an 
acid and addition of ammonia. 

Ab an Article of Diet — Tea seems to have a decidedly stimulative and 
restorative action on the nervous system, which is perhaps aided by the 
warmth of the infusion. No depression follows this. The pulse is a litUe 
quickened. The amount of pulmonary carbonic acid is, according to £. Smith, 
increa8ed.t The action of the skin is increased ; that of the bowels lessened. 
The kidney excretion is little affected ; perhaps the urea is a little lessened, 
but this is uncertain4 

As an article of diet for soldiers, tea is most useful. Hie hot infusion, like 
that of coffee, is potent both against heat and cold ; is most useful in great 
fatigue, especially in hot climates (Banald Martin) ; and also has a great 
purifying effect on water. Tea is so light, is so easily carried, and the infu- 
sion IS so readily made, that it should form the drink jmr excellence of the 
soldier on service. There is also a belief that it lessens the susceptibility to 
malaria, but the evidence on this point is im]>erfect. 

Choice of Tea. — The tea should not be too much broken up, or mixed 
with dirt. Spread out, the leaves should not be all large, thick, dark, and 
old, but some should be small and young. There will always bo in the best 
tea a good deafenof stalk and some remains of the ffow^er. In old tea much of 
the ssUierial oil evaporates, and the aroma is less marked. 

Hie infusion should be fragrant to smell \ not harsh and bitter to taste, 
and not too dark. The buyers of tea seem os|>ecially to dejiend on the smell 
and taste of the infusion. 

Structure of the Tm Ij*of — The bf)rder is serrated nearly, but not quite, 
to the stalk ; the primary veins run out from the midrib nearly to the 
border, and then turn in \ so that a dhdinct space is left lietween them and 
the bolder. The leaf may vary in point of size and shape, being sometimes 
broader, and sometimes long and narrow. Tlie apjicaranco under the micro- 
scope of the upper and under surfaces are seen in the drawing. The border 
and the primary venation distinguish it from all leaves. Tlie leaves wliich it 
is said have b^n mixed with or 8ubetitute<l for tea in this country are the 
willow, sloe, oak, Valonia oak, plane, beech, elm, poplar, hawthorn, and chest- 
nut, and in China Chloranthue incompictim, Curnxllia Baeanqua are said to 
be used. Of these the willow and the sloe are the only leaves which at all 
resemble tea leaves. Ibe willow is more irregularly, and the sloe is much 
less perfectly and uniformly, 8errate<l. 

To examine the leaves, make an infusion, an<l then spread out a number of 
leaves ; if a leaf be placed on a glass slide, and covcjreil with a tJiin glass and 
then held up to the light, the liorder and venation can usually ho seen. 

The leaves of the Valonia, if imd, are at once detected ly acicular C 4 ystals 
being found under the microscope. 

Sometimes exhausted tea leaves are mix ml with catechu or with a coarse 

* Tbe brtek tea of the Tortam coneietK of oUl tea leavw, mixed with the leave* sad eUmti of 
fthnmmiB Rkededmdrm, Chrymnihmmm, Horn cuntno, and oUier idantx, inls^ wHh 

ox'* or Aheep’e blo^ It is nmeh need to pttrifv water, 
t PhU. im 

i The evidetkce with respeet to the wine is very cootmdktory ; hot, on the whole, the setioR 
teepa to he ineoitsidemhle. Dr Kdwerd Bmith eoneider* that tea promotes all vital ootloii*, 
uiA \wsmm the action of the oklii.^ It is, perhaps, impossilde at present to expiess it* oi^oa 
la to tucemCt a form. 




Lei'v'cs and stalks of best T«a frcm Cruna 'I 8bi', oy ypiv^ilti 

•ai size 

■jer.erfi.r.y in LoiTwiT.ercia] Tea the icaLVCs are nnicb thicker, 

a-re oul Ira-nsvcrir/ irXo aittiirrje. parta Soire .*^;a!kr. iremAir./^ 
fifA/er? are found m a'il Tea even the best 



.•.melus. Sa3&na:4a. 


Ohlortr.uuis .riconspicuus , 


l.KAVTS in THK AlMll.TEH ATION Jt TKA 

Th« iSiC.e, Willow, Otti, Be ceil, F. Idler*, an« Ha-wlKem h^vf Wen naXiire-printcd !c 
Incn Lithoi5[T%-pne(l TheJ)r<twin $5 of ike Ckiorantkus Incor.spu'uu^ ‘-uid iLe C«Jntllia. 
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powder of a reddisli-bTOwn colour, consisting chiefly of powdered catechu, 
and called La Yeno Beno.” Gum and starch are added ; the leaves being 
steeped in a strong solution of gum, which, in drying, contr^ts them. The 
want of aroma, and the collection at the bottom of the infusion of powdered 
catechu, or the detection of j^icles of catechu, will at once indicate this 
falsification, which is, however, very uncommon. 

« 

Extraction of Thein, 

Occasionally it may be desired to determine the quantity of thein. Take 
100 grains of tea, exhaust with boiling water, and add solutiom of subacetate 
of lead ; filter ; pass hydrosulphuric acid, to get rid of excess of lead ; filter ; 
evaporate to stn^ bulk, and add a little ammonia ; add more water, decolorise 
with animal charcoal, and evaporate slowly to small bulk. YTiite feathery 

Upper Surface. Under Surface. 

X 2S5. X 286. 



Fig. 6-i. Black Urienl Tea Leaf. 

crystals of thein foim, which should be collected on filtering paper, dried at a 
very low heat, and weighed, 

Dctermhlation of Tannin. 

Make an infusion, and add solution of gelatine; collect precipitate, dry 
and weigh — 100 grains » 40 of tannin (Marcet), 
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ExumimUon of Tea, 

Judge of the aroma of the dry tea and infusion ; taste inftision ; spread out 
leaves and see their characters ; collect anything like mineral powd(^r, and 
examine under microscoi)e. 

In making the infusion, take 100 grains of tea to 5 ounces of boiling water, 
so as always to have the infusion of the same strength. Dry and weigh the 
exhausted tea leaves, and calculate tlie percentage of soluble matter. If 
desired, determine the thein and tannin. 

Sub-Section III. — Cocoa. 

Composition , — Although the theobromin of cocoa is now known Ihj 



Hg. C 5 .~C<K 50 ft, Outer Co»t x 


identical with thein and cairein, the composition of cocoa removes it widely 


from tea and c(»ff*ee. 

!*or wnt. 

Cocoa fat (stearin, elain, and margarin), 45 ~ 41) 

Starch, . , . . ,11-18 

Gta[)e sugar, ..... *34 

Cane sugar, ..... *26 

Cellulose, , , . . .5*8 

Pigment, ..... 3 5 - 5 

Protein substances, . . 13-18 

Theobromin . . . 1*2 - 1*5 

Ash, ...... 3*5 

Water, ... 5*6 - 6*3 
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The quantity of fat varies even in the same sort of cocoa. The ash con- 
tains a large quantity of phosphate of potash. 

Ah an Article of Diet . — Tlie large quantity of fat and albuminoid substance 
makes it a very nourishing article of diet ; and it is therefore useful in weak 
states of the system, and for healthy men under circumstances of great exertion. 
It has been even compared to milk. In South America, cocoa and maize 
cakes are used by travellers ; and the large amount of agreeable nourishment 
in small bulk enables several days’ supplies Ui bo easily carried (Humboldt). 

By roasting, the starch is changed into dextrin ; the amount of margaric 
acid increases, and an emp^Trcumatic aromatic substance is formed. 

llie changes depend on the amount of ix)asting ; the lighter-coloured nuts 
contain more unchanged hit, and less aroma ; the strongly loasted and dark 
cocoas have more aroma and bitterness. 

Choice and Adulteraiiom . — In commerce, cereal grain starches, arrowroot, 
sago, or potato starch and sugar, are very commonly mixed with cocoa ; and 
some of the so-cfdled homceopaihic cocoas arti rightly named, for the amount of 
<u)coa is very small. Brick-dust and j)eroxid(j of iron are sometimes used 
(Normandy).* The structure of the cocoa is \Qxy marke<i. 



Pig. 66. — C-iM'oa, Under Pairts, Middle Coat x 19<). 

The starch grains of cocoa arc small, and enil)cdded usually in the cells. 
The pmenco of starch grains of cereals, arrowroot, sago, or other kinds of 
starch, is at once detected hy the microscope (see iigures ante of these starches). 
Sugar can l>e detected by the taste, and by solution. !Minenil substances are 
\mt detected by incineration, digeating in an iicid, and testing for iron, lead, &c, 

• Hassall examine<l 54 oampka ; 8 were getinine, 48 conUined sugar, and 46 starch ; 80 mit 
of 68 Mimplcn contained eartliy colouring matter, as reddle, Venetian red, and uraber (On 
Adulteration, p. 160). ^ 
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SECTION III. 

CONDIMENTS. 

SuB’Section I. — Vinegar. 

As an Article of Diet — Ivobert Jackson was of opinion that the use of 
vinegar was too restricted in the army. This opinion he appears to have 
formed firom considering the great use of vinegtir made by the Romans, 
VTiatever may have been the source of the opinion, there is no doubt of its 
correctness. Acetic acid plays that double part in the body which seems so 
important, of first an acid of* a neutral salt, and then, in the form of carbonic 
acid, as the acid of an alkaline s^ili. Bui tills valuable dietetic quality is 
I>artly counterbalanced in English vinegar by the unfortunate circumstance 
that sulphuric acid ptirt by w'eiglit) is allowed to be added to vinegar, 

and thus a strong acid is taken into the body, which is not only not useful in 
nutrition, but which is hurtful, from the tendency to form insoluble salts 
of lime. As the addition of sulphuric acid in not necessary, and, indeed, is 
not pennitted on the (.'ontinent, it is to l>t5 hoped the Legislature w'ill soon 
alter a system which has the efl'ect oidy of injuring an important article of 
diet. The amount of vinegar which may 1 h? used may be from one to several 
ounces. On marches, the Romans mixe<l it w ith water as a beverage. 

Examination of Vinegar. — *Sevenil kinds of vinegar arc in the market, 
known by the Nos. 16, 18, 20, 22, 24. Nos. 22 and 24 are the best, and 
contain about 5 per cent, of pure acetic acid. Tlie weakest kinds contain less 
than 3 per cent. 

Examination. 

Quality. — 1. Take sjiecific graWty — of the best, 1022 ; of the worst, 1015. 
If below’' this, water has lM?en aiJdei 

2. Determine acidity of 100 grains, or of 10 C.C., with tlie alkaline »olu* 
tion (see Beer). 

The acidity is caused by acetic and sulphuric acids ; but it is usually calcu- 
lated at once as diy acetic aciiL If it hills l»elow^ 3 jki* cent., water has 
probably been added. (Tlie lowest noted by liassall in 33 samples W'as 2 ’29.) 

If the specific gravity be luW’, and the acidity high, excess of sulphuric acid 
has probably been added. 

3. Divide the acidity into fixed and volatile, by evaporating one ounce to a 
tenth, 80 as to drive off all the acetic acid ; then determine the acidity (wliich 
now arises from sulphuric acid), and calculate it as sulphuric acid. 

This operation is l>est done by distillation, as then the acidity of the dis- 
tillate and the residue can be both determined and controlled by the deter- 
mination of the total acidity. 

If the alkaline solution cannot bo preparwl, the acidity must be deter- 
mined with dried or crystalised carlionatc of soda. Weigh 100 grains of 
dried carbonate of soda, and add jiortions carefuily to a wHUghed quantity 
of vinegar (100 grains, or 10 grammes), till it is neutralimHl ; then weigh the 
rt^maining carbonate of soda, and calculate according to the atomic weigltts 
(53 : 51 : : a : a:), or multiply the quantity used by *962 ; the tcsuH is the 
amount of anhydrous acetic acid in the quantity of vinegar exiierimented upon. 

In adding carbonate of soda to mm vinegar, the colour Incomes dark and 
inky. Ammonia also gives a purplish precipitate in wim^ but not in malt, 
vinegar. 
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4. The direct determination of the sulphuric acid by baryta requires more 
care, as sulphates may be introduced in the water. Hydrochloric acid and 
chloride of barium are added ; the sulphate of baryta collected, dried, weighed, 
and multiplied by -34309. 

Adultm^ations, — Wutei- ; sulphuric acid in excess (see ank) ; hydrochloric 
acid (imcommon) ; or common salt (detected by nitrate of silver and dilute 
nitric acid ; pyroligneous acid (distil and re-distil the distillate, the residue will 
have the smell of pyroligneous acid) ; lead ; copper from vessels (evaporate to 
dryness, incinerate, dissolve in weak nitric acid, divide into two parts, pass 
SH through one, and tost for copper in the other by ammonia, or by a piece 
of iron wire) ; con-osive sublimate (pass 8H, collect precipitate) ; capsicum, 
j)ellitory, or other pungent substances (evaporate nciarly to dryness, and taste 
if the extract is hot and pungent) ; burnt sugar (evaporate to dryness, dissolve 
in boiling alcohol, evaporate to syrup, taste ; burnt sugar gives a bitter taste 
and a dark colour to the syrup). 

Tlio presence of copper in the vinegar used for pickles may be easily de- 
tected by simply inserting the bright blade of a knife. 


SuivSectiox II. — Salt. 

ITie goodness of siilt is known by its whiUuiess, fine ciy'stalline character, 
dryness, complete and clear solution in water. The coarser kinds, containing 
often chloride of magnesium, and, perhaps, lime salts, are darker coloured, 
more or less deliquescent, and either not thoroughly crystallised or in too 
large crystals. 


Sub-Section III. — !Mu»takd. 

(lood mustard is known by the sharp acrid smell and tjiste. It is adul- 
terated with turmeric (detect<*<l by microscc»pe and liquor potassa?), wheat or 
barley starch (detec tecl by luicroscojie and iodine), and linseed (detected by 
micn)Scope). Every sample of mustard is at present mixed with turmeric and 
Htim:h of some kind. ( 'lay and phister of Paris are sometimes added, and 
cayenne is added to bring up the sharpness, if much flour is used. 

The microscopic charact(‘r8 of imistjird are well markeil. The outer coat of 
the white mustard ctuisists of large hexagonal cells, to the centre of which are 
attached cells with singular infundibuliform appendages. There are two 
intcnial coats made up of small angular cells ; the structure of the seed con- 
sists of numerous cells containing oil, but no starch. The black mustard has 
the some characters, without the infundibuliform cells. 


Sr » Section IV. — pErpua 

Pepper is mlulierated with linseed, mustard, wheat, and pea flour, and 
ground rice. The microsco|x> at once det^xits these adulU*rations. 

ITie imcroscopic characters of pppr are rather complicated ; there is an 
liusk composed of four or five l^^yers of Oflls and a central |>ari The cortex 
hiM externally elongati^d cells, placed vertically, and providal with a central 
cavity, from which lines ratliate towartl the circumference ; then comes some 
stmta of angular cells, which, towards the interior, are larger and filled with 
oil The thinl layer is composed of woody fibre and spiml cells. The 
fourth layer is made up of large cells, which towards the interior become 
smallet and of a deep red colour ; they contain most of the essential oil of 
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the pepper. The central oil of the bemy is composed of lai:ge angular cells, 
alx>ut twice as long as broad. Steeped in water, some of these cells become 
yellow, othem ri>iiiain coloui'lesa Hassal (from whom I have taken this 
description) gives some go<Kl plates. 


SECTION JV. 

LEMON JUICE. 

Lemon juice is an extremely im|)ortAnt article of diet, not merely on 
l>oard ship but in campaigns, where frtjsh vegetables always run short. 
In this case one ounce of lemon juice per man should bo issued daily, and, 
as on bcKird slii]>, sliould Ix^ commenced hm days after the deprivation of 
the vegetables. If dried vegc'tablei^ are use<i, half the (piantity of lemon juice 
wiD pix)bably be sufficient. 8ugar is mlded to it b) make, it mort^ agttstiable 
to tiiste, in the pro{M)rtioii of ludf its we,ight. Ixunou juice, is usually issued 
in bottles conUuning three to four j)iiits, not (piite, tillcnl, and is covered with a 
layer of olive oil. About 1 ounce of hriindy is added to eacli 10 oiincoi^ of 
juice. Sometimes tlie juice is lM.>ile<l, and no biniidy is ad<hxl ; the f< inner 
kind keeps best (Aniistrong). liotli are <*qual in aiitiscorbuti(t |xnver (Arm- 
strong). Good lemon juice will keep for some years, at least thn?e years (Arm- 
strong); bad lime juice .soon )K*comes turbid, and then stringv^and mucilaginous, 
and the citric and malic acids decompose. iSonu? turbidity and precipibite 
does not, however, destroy its powers. 


Kxnnilu*(ih»n of Lf^mon Juirt\ 

1. Pour iub) a glass and mark physical chameters ; turbidity, ]»recipitate, 
stnnginess, &c. Tin' taste should l)e pleasiuit, aeitl, but m)t bitter. 

2. DeU'rminc the degi‘<*<^ acidity by the plan given in the st*ction on 
Beer. Neutralise by the alkaline solution, and multiply by the co-efticient 
of dry or hydrated citric acitl. The ohl e<iui valent of citric acid is 

but since the o]>s<^n'ations of Liebig it is conHichjrtHi l>e trihisic with an 
e(|iuvalent of and it is usually c^unbined with 3HO. (The co- 

efficient for 1 C.C. of alkaline ixdution is *(ri65 for the dry acid.) 

If the old equivalent be tiiken, the amount of citric acid in grains, in 100 
grains of lemon juice, will be from 2 0 ; in an ounce then? will from 15 
to 25 grains. Iteckoned as trilmsh*,, the co-efficient for 1 <^.1,'. of dkaline 
solution is *0165 ; but then, (is the imd is tribasir, the amount of alkaline 
solution UBiHl must Ixj divided by 3. Usiudly, for 1 i>f lemon juice fn»m 
0 to 12 C.C. of the centimmnal alkaline solution are nM|uirfHL If the ivlkaline 
solarion cannot hi obtaincnl, <lried carl)onatt* of soda mu.st Ik* ustHl. 

3. Test for adulU^ration, viz. — 

(«.) Tariann AcitL — Dilute and filb^r, if the lime juict* lx* turbid, add a little 
solution of acetate of jKjtash ; stir well, without tf>uching the sides of the 
glass, and leave for twenty-four hours ; if tartaric aedd he [)resent, the biUir- 
trate of potash will fall. 

(5.) Sulphuric AeM — ^.Add chloride? of Imrium afU?r illtration, if necessary ; 
if any precipitates fall, add a little water and a few dro}>8 of dilub? hydrochloric 
acid ; dissolve? the citrate of baiyta, which 8omeiirnf?s causes a turbidity. 

(f.) HydrocMmic Acith — Test with nitrate rd* silver and a few drops of 
dilute nitric acid. 
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(<f.) Nitrir, Acid , — This is an uncommon adulteration ; the iron or brucine 
test can be used, as in the case of water. 

(e.) PJiospJiorie Acid , — It has been lately stilted (Morgan, in the Journal 
of the jSociety of Arts,^* April 1864, p. 349) that both Admiralty and com- 
mercial lemon juice have l)eeii found to contain phosphoric acid. In 1 gallon 
of the fonner 91 grains of phosphoric acid were found. It is not stated 
whether this was free or as phosphate of soda. In either case, it must T>e an 
addition, and would be detected by evaporation to dryness, incineration, 
riisolution in wato, or a little acetic acid, and precipitation as ammoniaco- 
magnesian phosphate. (See Water, page 32). Dr Morgan considers the 
phosphoric acid a valiuible ingredient of the lemon juice, but it is certainly a 
falsification. 


. FaHitiom Lemon Juice, 

It is not at till msy to distinguish well-made factitious lemon juice ; about 
552 grains of cry8tallise<l citric acid (< + 3a(|.) are dissolved in a wine pint 
of water, which is flavoured with essence of lemon dissolved in spirits. Ihis 
corresjwnds to alniut 19 or 20 grains of dry citric acid ]>cr ounce. The flavour 
is not, however, quite like that of the real juice, and the taste is sharper. 


SuMiiute^ for Lemon Juice. 

Citric acid is tlie beat, or citnitc of ixitaah ; then perhaps vinegar, though 
tills is inferior, and lowest (»f all is nitmU^ of potasli.* The tartrates, lac- 
tates, and iici'hites of the; alkalies may all be used, but I am not aware of any 
good experiments on their relative antiscorbutic })owei*s. If^mdk is procur- 
able, it may Ik* allow(‘d to laKtomc acid, aiul the acid then neutralised with an 
alkali. The frcvsli juices of many plants, especially sixjcies of Ca<?ti, can be 
us<k1, the j>lant Ixing cru.sh<*d and stet*ped in wah?r ; and in case neither vege- 
tibles, lemon juice, nor any of its substitutes can be procuretl, ought not 
to omit the trial of such ]>lants of thi.s kind as may be obtiiiiable. 


• On thiM ^wint wm? BrvHoii'n in the ** Tirm“< an<l 1850. I niay also 

mfer to a n‘vi<*.w t»n srurvy, whi«'h I contribvitiNl to the “ British ami Foreign Medicid Cliirur- 
gioal Review/’ in Octolwir 1848, for evi<U*nc«* on this 
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CHAPTER VIII. 

SOILS. 

TOPOUHAPHIC’AL KEPOKT.S AND CllUK’t: OF iSlTES. 

The tenu soil is used here in a large sense, to express all the portion of tho 
crust of the earth, wliich by any property or condition can etlect health. The 
subdivision into surface soil, and subsoil, is often very useful ; and these 
terms need no definition. 


SECTION I. 

CONDITIONS OF SOIL AFFECTING HEALTH. 

Soil may affect health : — 

1. By its conformation an<l elevation. 

2. By the vegtitation covering it. 

3. By its mechanical structure, which influences ab.sorption and radiation 

of lioat ; reflcMdion of light ; absorjition of water ; movement iff water 
over and through the soil ; j>a8sage of air through soil ; formation of 
dust. 

4. By its chemical struct un.*, wdiich acts esjK'cially by alteiing the com- 

position of tho air over tlio soil, or tlie water running thremgh it. 

In addition, the asywet of a place, and the amount of sunsliino and light it 
receives, are very ini|>ortant. 

All these points slionhl n^ceive attention in rc*])orts on sites ; and it 'will Ik? 
found convenient to make the r^jjMjrt in the a!x)ve order. 

.Sub-Section I. — < V>NFrmMATK)N and Elevation. 

llie lYslative amounts of hill and plain ; the elevation of the lulls; llieir 
direction ; the angle of sIojk* ; the kind, size?, and depth of valleys ; the chief 
water-sheds, and the direction and disr.liarge of tin? WttU‘r4".ourK<L?s ; the amount 
of fall of plains, are the chief j>oint8 U> Iw considercii. 

Among hills, the unhealthy s|x)ts are enclosed valleys, punch lK>wk, any 
KfK)t where the air must stagnate ; nivines, or places at th<? hcjul or entrancf? 
of ravines. 

In the tropics, esp<?eially, ravines and nullahs arc* in lx* avr»ide<l, as they are 
often filled with decaying vegetation, and currents of air frecjnently traverse? 
them. During the heat of the day, the current of air is up the ravine ; at 
night, down it. As the hills cool more mpidly than the surrotinulliig plains, 
the latter current is especially dangerous, ns the air is at once impure and cold. 
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(d.) Nit ravine is a long narrow valley, contracted at its outlet, so as to draw 
test can lx er behind it. A saddleback is usually healthy, if not too much ex- 

(e.) P/AO<j^.;.^x)sitions near the top of a 8loi)e. One of the most difficult 
of the Society oJ: - in hilly legions is the probable direction of winds ; they 
mercial lemon juice om their course, or the rapid cooling of the hills at night 
of the former 91 . 

whether this wa , most dangerous points are generally at the foot of hills, 
addition, and 3 tropics, wliefe the water, stored up in the hills, and flowing 
to the plain, causes an exuberant vegetation at the border of the hUls. 

A plain at the foot of hills may be healthy, if a deep ravine cuts off com- 
pletely the drainage of tlie hill behind it. 

The next most dangerous sjxjts are depressions Ixdow the level of the plain, 
and into wliich therefore there is drainage. Even giavelly soils may be damj> 
from this cause ; the water rising rapidly tliruugh the loose soil, from the 
pressure of higher h‘vels. 

Elevation acts chiefly by its effect in lessening the pressure of the air, and 
in increasing the rapidity of evaporation (see < 'limate). It has a powerful 
effect on marshes ; high eh^vatious lessening the, amount of malaria, partly 
from the rapid evaporation, partly from the greater production of cold at 
night. Yet, malarious inarslies may occur at great elevations, even GOOO feet 
(Erzeroum and Mexicp). 

Sub-Section I L — V egetation. 

The effei^ of vegeUition on ground is very in»|>ortant. In cold climates, the 
sun’s rays are obstructed, and evaporation from the ground is slow ; the ground 
is therefore cold and moist, and the removal of wood rendem the climate 
milder and dryer. Tlie exUmt to wliich trees impede the passage of water 
through the soil is considerable. 

In hot countries, vegetation shades the giound, and makes it cooler. The 
evaporation from the surface ivS lessened ; but tlie evaporation from the vege- 
tation is 80 great, as to produce a perceptible lowering cfiect on the temperature 
of a place. 

The hottest oml driest places in the troj»ics are those divested of trees. 

Vegetation produces also a great effect on tin* movement of air. Its velocity 
is checked ; and sometimes in thick clusters of tn^es or underwood the air is 
almost stagnant. If moist and decaying vegetation be a coincident condition 
of such stagnation, the most fatal forms of malavious disease are produced. 

Vegetation may thus tlo harm by obstructing the movement of air ; on the 
other hand, it may guard from currents of iiupim^ air. The protective influence 
of a belt of trees against malaria is most striking. 

In a hygienic jK>int of view, vogetati<»n must Ik* divided into herbage, 
brushwood, and IrtHjs ; and these should be severally commented on in reports. 

Herbage is always healthy. In the trojMcs it cools tlie giwnd, Ixith by ob- 
structing the sun’s rays, ami by aiding evaporation ; and nothing is more do* 
sirablo, than to cover, if it In* possible, tlie hot samly plains of the tropics 
with close-cut grass. In sevenU )>laces, tlii« hius been done with excellent 
effects. 

Bmshw'oixl is almost always bad, and should Ik? n^moveil It must be re- 
membered, however, that its removal will sometimes, on account of the 
disturbance of the ground, incwjose malarious dist‘ase for the time ; and there- 
fore, in the cose of a temporary (?amp in a ht>t malarious c^mntry, it is 
ilesirable to avoid disturbing it When removal, the work should be carried 
on in the heat of the day ; i>., not in the mrly moniing, or in the evening. 
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Trees should bo removed with judgment. In cold coimtries they shelter 
from cold winds ; in hot, they cool the ground ; in both, they may protect 
fifom malarious currents. A decided and pernicious interference with the 
movement of air should l>e almost the only reason for removing them. " 
some of the coimtries of the world, as in Southeni Bunuali, the in- 

habitiints place their houses under trees with k^st elfects ; and it was a 
nile with the Eomans, to encamp their men under trees in till hot countries. 

The kind of vegetation, except as being indi(?ative of a damp or diy soil, 
does not appear to be of importance. 

Sub-Section IlL — Mechanical Stkuctuuk. 

(a.) Aa influencimj limf. — Tlie heat of the sun is absorbed in dilFerent 
amounts by dittereiit soils equally shielde<l or unshielded by vegc^tatitm. 
The colour of the soil and its aggregation s(‘em chiedly to deWrmine it. 
The dork, loose, incoherent san<ls are the hottest ; even in Uunpemte cliiuaicjs 
Arago found the tenqK’niture of sand on the surfaces to be 122"^ Fahr., luid at 
the Cai)e of Gooil Ho|k*, Herscthel observ(^d it to lie no Itvss tlian 151)^* The 
heating power of the sun’s rays is md«H‘,d excessive. In India, the Iherino- 
meter placed on the ground and exj>os<^<l to the sun will mark IGO'^ (Iluist), 
while two feet from the ground it will only mark 120'\ Buist thinks that if 
protected from currents of air it would mark 212 when placed (»ri tliegitmiid. 
Tlie absorbing and nidialing jKUvei's (»f sc»ils an‘ not necessarily (HjuaJ, though 
they may l)e so. Genemliy the radiating ]x»wer is more rajdd than the ab- 
sorbing ; soils cool more rapidly tium they hc«it. * 

With regard to absor])ing power, the following table by ScbiibTer contains 
the only good exjicriraents at present known : — 

power o/ niaiifitttj hoai ; 100 hmj amimed m the etomhird. 


8and wdth some lime, 

100 

Clayiy' earth, 

68-4 

Ihire sand, 

95 

Pure clay, 

f)6-7 

Light clay, 

Gypsum, 
litsavy clay, 

TO -9 

Fine chalk. 

f.l-8 

73'2 

Till 

Humus, 

49- 


Tlie gR^at absorbing jiower of the sands is thus evident, and the com})am 
live coldness of the clays anrl lumms. Heritage Icssiuim greatly the absorb- 
ing power of the* soil, and nuliation is more rapid. 

In cold coimtries, thereffire, the clayey soils are cold, anrl as they hr.; also 
dam]) they favour the ]»nKluction of rheumatism and ( aUirrhs ; Hut sands are, 
thercifoRj, the healthiest soils in this ros]»ect. In hot countries the sim<!s 
are objectionable from their beat, unless they can k* covered with gmss. 
They aoraetinies nuliate heat slowly, an<l thead'ore tlie air is hot over them 
day and night. 

The sun*« rays cause two currents of heat in wiil ; one wave diurnal, the 
heat passing down in t<un])eraU! climates io akmt 4 fin?! in de})tb during the 
day, and receding during the night ; the de])th, however, vary ing with the 
nature of the aoil, and with the scaiwui ; the otlK?r wavt? is annual, and in 
temperate climates the wave of summer heat reaches from 50 to 100 feet. 
The line of uniform yearly temiiemture is from 57 to 1)9 feet l>elow tlie sur 
fac^i (Forlm) 

Kot only does the amount of radiation rliffer in diflerent w)Uh, but a change 
i» pToducc?<l in the heat hy the kind of soil. The it'inarkable reseaix^hes of 


♦ Metoorofogy, p. 4L 
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'lyadall have showri,^ tliat the heat radiated from granite passes tlirough aqueous 
vapour much more readily than the heat radiated by water (though the pas- 
sage is much more obstructed tlmn in dry air). In other words, the luminous 
h«at rays of the sun pass freely tlirough aqueous vapours, and fall on water 
and granite ; but the absorption produces a change in the heat, so that it 
issues again from water and granite changed in quality; it will be most 
important for physicians if other soils are found to produce analogous changes. 

(b,) Jleflecthn of Light , — ^Tliis is a matter of colour ; the white glaring 
soils reflect light, mid such soils are generally «dso hot as the rays of heat are 
also reflected. Tlie effect of glare on tlie i»yes is obvious, and in the tropics 
this becomes a very important point. If a spot bare of vegetation, and with 
a white surface, must lie used for liahitatioiis, somt* good result may be ob- 
tained by colouring the houses pale blue or green ; and possibly in the case of 
masses of wliitc^ rock opposite windows, it might l>e possildc to partly colour 
them also. 

(e.) Ah^nr^^tion of Wotn\ — Some, soils absorb .and redain water more than 
others; and soim* experiments have been madt? by Sehiible.r on this point. 
Sand absorbs very little ; clays alxmt 10 1<» 20 times more; and humus or 
common surface soil nuirc* than 40 or 50 tiim s lus miieh as sand. It is 
sfiid that the sriil from tlisiub'grJib'd granite (»r tnip rock is veiy absorhont of 
wati'T, as in tlie cas(* (»f tlie black or st^e^dled cotton sod of India, which is 
derived from tnip. 

The absoqdion of water seems important in two ways ; Huch soils are 
moist ; 2</, If they ooutiiin (»rganic matter the moisture aids in its decomiKisi- 
tion, and sqch soils though not ricli in orgjunc matter may lx? malarious. 

(f/.) Mitv^nnmi of Water over and fhrttugh tsoili^. — No sods are absoluUdy 
imj»ermeiihle t4) water, hut j»nwj!tically a division can Ixj made into the iraper- 
m4’al»lo and the |K*rmeu))lo soils. Ilie impermeable sods, into which, perhaps, 
not more than 5 to 10 per cent, of the rain penetiates, are the granitic 
and trap rocks ; the clay slates; the hard sand stones, such as the millstone 
grit ; the liard liiiu'sioiies and niague^ian limt^siones, such as the mountain 
limestone, and dolomites, and the clays. Some kinds of clay are as imper- 
meable to water as the liardost rf»cks, and the addition of even part of 
clay to saml checks in an extraordinary" degrtx* the transit of water. 

()f the above sods, on some the water runs off; as in the granite, clay- 
8latc.s, &e. ; in others it hnlges, as in the clays. This is a sequence merely 
of confonuatioii ; the hard r4>cks luwng for the most part a great slo])c ; the 
clays being flat. lUit this makes the ditlcrence between healthy and uidiealthy 
soils ; when the water runs raj)idiy ofl‘, the* hard sods axx‘ the htmlthiest of all 
soils (provided the drinking wat<‘r is good) ; when tlie water lodges, the soil 
is cold, the air damp, foggy, relaxing in it.s effi'ct on the body. Catarrlis 
and rheumatism an*. luoit' couunon, and malaria, if its sources exist, is more 
widely diflused. 

The jK»nneable S4>ds the sandstones (exce])l when tnivei*scd by veins of 
clay^), the loos^j sands imd the tdialk, except wluue marly. Of the water fall- 
ing on these soils, 25 jmt cent |x»netmti's inb> the siiud rocks, alnuit 42 jier 
j>er cent* jxmetratea int<o the chalk, and frun 00 to 90 jhu' cent into the loose 
sands. The wat<ir passes rapidly* through the s«»ib These very" penucable 
soils are healthy, nuloss either a clay stratum or a hanl rock a fe>v fiMjt l>elow 
the surface holds uj> the wat<»r, and mak<*s th(* sand moist by evaporation, 
which can always dotwted by lioring hoU^ ; or unless the soil also contains 
a large quantity of orgjmio matter, of which an i*xamph^ is given farther om 


Nswii, Mftix'h 5, bS04. p. 114. 
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As a rule, then, the dry soils, whether impermeable or permeable, are 
healthy ; not only is there less disease (catarrh, rheumatism), but persons 
feel better, and nutrition seems better performed. 

(e.) Passage of Air through Soils . — Some of Pettenkolferis observations on 
cholera show that the effluvia from decomposing cholera evacuations may 
pass to some distance through very loose soils, and it is by no means impos- 
sible that the effluvia from typhoid stools or common fuecal matters may do 
the same. It is a practical point of importance, especially on the sandy 
plains of India, to see that there is no chance of tnuismission of disease in 
this way. 

(f.) The amount of dust given off from soils is not a matter of slight 
moment. Apart from its inconvenience, the irritation has a decided efiect 
on the eyes, and possibly even on the lungs and stomm h, thougb on this 
point the evidence is not siitisfactory. 


8ub-vSection IY. — Chemical Composition. 

The chemical comjxjsition of the soil is imjjortant as afiecting drinking- 
water and air. The first point has l)een fully (;onsi<lered in tlie chapk*r on 
Water. 

As regards air, some gases, such a.s carburetted hydrogen, ammonia, sul- 
phuretted bydn>gen art* given off by certain soils. Diffusion and the wind, 
for the most part, so raj)idlv dissipate these gases that they produce no bad 
effects. Organic matters are also given off, the natui'e. of which is not yet 
known (see Air over Marshes p. 77). 

It can hanlly Ik*, doul^ted that it is some of th(*se organic matters which 
produce the remarkable levers with peritKiical returns, for I pr<?.sujne it may 
now be assumed that such fevers are. not pn>diic(*d by heat or eh^dricity, or 
gr€*at exercise in the sun, or any otln^r alJege<l cause of the kind, but must 
own a special and constant agent whirdi is produced almost everywhere by 
decomposition going on in tlie soil, cs[K*cially Avhen the conditions cx>me 
together of organic matter in the soil — heat, water, and limited access of air. 

If it 1 k^ asked, what exact chemical conditions of soil produite the malaria 
which causes pericxlical fevers 1 the answer caniud be given, iK^cause no great 
chemist has ever .systematifrally prosecuted this imjuiiy, and, in fact, it may 
be said that, singuhirly enough, then* are few gowl analyses of malarious soil, 
although no prrddeni is perhaps more important to the human race. It SHuns 
pretty clear that the nniu*nd constituents of the soil art*. f>f little or no conse- 
quence. ^Nfalaria will prevail on chalk, limestone, sand, and even, iind<*!* 
sjwcial conditions, on granite soils. 

Tlie following wnls have l>een knowm to cause the evolution of the agent 
causing periodical fevers in the malarious zone, 

1. Marshes . — Except those with p^aty soils, thosr* wlu(di an* rc^gularly over 
flowed by the sea (and not occasionally imindat4sl),* and the marshes in the 
southern hemisphem (Australia, New' Ziialand, New ( 'aledonia), and some 


* The effect of salt water on marshes ie a problem whir]» has Wn much debated, and 1 belieta 
the statement in the Section reconciles most statements. It was the older waiters rSylriita, lin- 
dsi, ami IVingle), who insisted on the noxious fpialities of eihalations from marshes with water 
containing? salt, and there is certain evidence that the occaaional overflowing of the sea in some of 
the Italian marshea, for example, has been followwl by a great development of paroxysmal fevors. 
But there is^mneh evidence similar to those given by Kolnert Jackson, who says (•* Fevers In 
Jamaica,*" 1791, p. 4) I have never fonnd t)ieneighhourhoo<i of salt mamW, inthediflerent 
parts of America that 1 have had an opportntiity of visiting, less healthful than the rant of the 
country ; on the contrary', they were fre^iuently more so/* And the case of Bingapore which 
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American marohes, which, from some as yet unknown condition, do not pro- 
duce malaria. 

The chemical characters of well-marked marshes are a large percentage of 
water, but no flooding ; a large amount of organic matter (10 to 46 per cent.) 
with variable mineral constituents ; silicates of alumina ; sulphates of lime, 
magnesia and alkalies ; carbonate of lime, ^c. The surface is fiat, with a 
slight drainage ; vegetation is generally abundant. 

The analyses of the worst malarious marshes show a large amount of 
vegetable organic matter. A marsh in Trinidad gave 35 per cent ; the 
middle layer in tlie Tuscan Maremma 30 per cent. The organic matter 
is made up of humic, ulniic, crenic, and apo<jrenic acids — all substances which 
requiiu renewed investigation at the hands of elieini.sts. Vegetable matter 
embedded in the soil diiCom|) 08 es very slowly ; in the Tuscan Maremma, 
which must liave existed many centuries, if not thousands of yeai*©, many of 
the plants are still undestroycd. llie slow decomposition is much aided by 
heat, wliicli makes the soil alkaline from ammonia (Angu.s 8niith), and 
retarded by cold, which makes the ground acid, ^especially in the case of 
peaty soils. 

It would now seem toleraldy certain that the growing vegetation covering 
marshes has nothing to do with the development of malaria. 

2. Ijxvgf cofhTiion of Vegetahlv MaW-r in the sitihof ValUySy Ravine^^ ^c. 

3. Shindy Pluim . — The analysis of such sand has not yet properly 
made, but two conditions seem of importance. Some sands, wliich to the 
eye appear quite free from organic admixtuits contain much organic matter. 
Faure has pointed out that the sandy soil of the Landc.s in south-west France 
contains a large amount of organic matter, which i.s slowly decomposing, and 
passes into lK>th air and water, causing periodical fevers. This may rciason- 
ably be conjectunid to be the case witli other malarious sands. Then, under 
some sands, a few feet fiHjm the surface, there is clay, and the sand is moist 
from eva|x)ration. Under a great heat, a small quantity of organic matter 
may thus l>e kej)t in a state of change. This is esi)ccialJy the case along the 
dritxl bods of M'atercoui'sos and torrents; there is always a subterranean stream, 
and the fwul is impregnated with vegeUhle, mattt^r. 

4. O^rUtin Hitrd R(trks and Dininfvymtod Rtrks are said to he Malarious. 
— In Brazil (*‘ M*Williani on Yellow Fever in l>razil,” p. 7,) and in the Mysore 
country of India, certain dark granitoid or nietamorphic trap or homblendic 
rocks arc said to give rise to fever/ and the same statement has been made 
in respect of the weathered and disintegratiHl granite of Hong-Kong. In fact, 
many Indian surgeons entertain a sti-ong opinion of the unhealthinoss of dis- 
integratad granite, llie statement (Ileyne of Madnis) that iron hornblende 
is concerned in th<» j^roduction of jK^riodical fevers is now known to be 
incorrect, as several healthy stations in India (Ilinudaya stations) are situated 
on such nK'.ks. 

The (iisintegnited granite* of Iloag-Kong contains a small proportion of 
orgiinic matter, + whicli could hanlly pnxluce malaria. Friedel,J however, has 
statiHl that the disintf4tgmted gninite, which is highly ahsorlnmt of water, be- 
comes often permcMikHl by a fungus, and it wo\dd l)t> intei'esting to see if there 


has created ««eh aurpriae, and i« cited even hy Hirwrh tta an exwjdional caw, is of thi» kind ; 
tJia fflfular tidal overHow, though it caumm the development of much sxilphuretted hydrogen, 
|ireveiita the fonnation of ttialaiia. 

* The ayeniie of Brajdt beeomeR coated by a dark substance, and looks like plumbago, and 
the Indiana believe that rocki thus blackened cmvM* “ calentura,” or fevers. 

f An analyais made in the Anny Medical School Lalwratory shows less than 2 per cent, of 
o’wnic matter in a aample of diaintemted granite from Hong-Kong. 

' I Oat Aiiena, von i\ Friedel, 
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is any relatioji between the development of this fungus and the production of 
imdaria. 

The magnesian limestone rocks which have been subjected to volcanic action 
have also been supposed to be especially malarious (Kirk, who instances the 
rocks at Sukkur), but the evidence has not been yet corroborated. 

5. Iron Salts. — Sir Kanald Martin has directed attention to the fact that many 
reputed malarious soils contain a largo proportion of iron. It wouid seem, a 
prioriy unlikely that tins should ho connected with malaria, but the point is 
well worthy of investigation. But certainly many most hetdthy soils contain 
a large amount of iron. 

It is one of the most difficult j>ositions in' which a medical officer can be 
placed when he has to give an opinion on the prol)ability of a soil (not evi- 
dently marshy) being free from malaria or not Two points must be considered. 

1. Can malaria be drifted to the place in any way ; how far off are de- 
cided marshes ; do wdnds blow over such mai*s]i(»8 ; art' there any protective 
eminences or Ixdts of trees? It must be nuiKunlwred that in the iitjpics 
currents of air will pass^for some distanct*- from tb«' banks «)f rivers, or 
from ground covered with vegetation, over hot plains, from which heated 
air ascends by night as well as by day, so that a ]>lac(; in this way may 
bi'oome malarious. 

2. ('an niiiiana be genemted on the spot itself? Of course the character ol 
a marsh cannot \)e mistaken, ])ut tlien* may bc^ no marsh ; tlnui the soil and 
subsoil should be thoroughly examineil ; dtH‘p lu)lt‘s dug to find the dt*pth of 
water, and this should he dom* in the w’et season, if possible, and the aTiit)unt 
of organic matter in the .soil should lx* dett'nnined. In this way a conclusion 
cun generally be come to ; but in all cases, if poasible, let an actual trial Iw 
made of the place*, suppo.siiig it be intended for a |K*rmaiu‘iit cantonment. 

The following table comh'nses some of these pointi^ : — 

Soifii trifh th^ (hyanir KwanatfoffK 

1. Alluvial 8oil.s, old estuarie-s di'ltas, 

IVutv soOs are nuudi less mahirious. 

Maixhes overflowed rrfgidarly by tin? sea an? oft<'u he4ilthy. 

Tlie oc(;asional ailiuixture. of salt water increases the eiuauations. 

2. 8ands, if th<fre i.s an inii»ennwible clay or marly subs(ul. 

Old water-courses. 

3. The lower parts of the clxalk, w'hen thc*re is a subsoil of dense gault or 

clay, and bad dminage, 

4. Weatheroil granitic and trap rocks, if vegetable matter has Worm* inter 

mixed. 8uch soils absorb both heat and wub?r. 


SECTION II, 

GENEBAL OBSEBVATIONS ON THE HEALTHINESS OF SOILS. 

It iii of course always useful to know the geologieul formation of a place, 
but the value of this knowledge must not be overnite<l. A g<?r>logical forma- 
tion may include rociks of veiy various nnxjlianical and ehcmiail com}x>s]tion. 
In many cases we want to know the condition os to |x*rmeability, organic sub- 
stance, or moisture of a veiy limited area ; so to speak, it is the house, and 
not the regional, geology which is of use to u«. Htill, gcxilogical terms have 
their value for our purposes, as expressing, in m»me easels, the usual conditions 
of conformation, and mechanical and chemical propcirties. 
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1. The Granitic^ MetarnorphiCy and Trap Rocics. — Sites on these formations 
are usually healthy ; the slope is great, water runs off readily ; tRe air is com- 
paratively dry ; vegetation is not excessive ; marshes and malaria are com- 
paratively infi^quent, and few impurities pass into the drinking water. It 
has been noticed that Asiatic cholera is infrequent in houses seated on such 
rocks, as well as on hard volcanic^ rocks, and tliis has been attributed to un- 
known influences excited by such formations on the air ; the catise is, most 
probably, as I*ettenkofcr hf^s pointed out, merely that the cholera stools do 
not penetrate into the soil, but are carried off by the steep slope and rapid 
falls of rain. As such regions are also often elevated, strong currents of air are 
more fre(iuent, and the jiarticles derived from the dried stools are carried away. 

WTien thes <3 rocks liave been weathered and disintegrated, and when they 
often yield a red or dark coloured soil, they are supposed to be imhcalthy. 
Such soil is certainly absorbent of water ; and the disintc*grated granite of 
Hong-Kong is sixid to be rapidly jMirmeated by a fungus ; })ut exact evidence, 
as to the effect of disintcgnibid granite or trap, is really wanting. 

2. The Chnj Slate . — These rocks prcciscdv resemble the granite and grani- 
toid formations in their effect on healtli. They liav(? usually much slope ; are 
very impermeable ; vegetation is scanty ; and nothing is added to air or to 
drinking water. 

They are consequently lujalthy. Water, however, is fdten scarce ; and, as 
in the granite distri(ds, th«.‘re are swollen brooks during rain, and dry water- 
courses at other times swelling rapidly after rains. 

3. The Limestom and Magnemnt Limestone Roek.'i . — These so far resemble 
the former, that there is a good deal of slcqx*, and rapid passing otf of water. 
Marshes, however, are more common, and may e.xist at gi’eat heights. In that 
case, the marsh is probably fed with water from some of the large cavities, 
which, in the course of ag(‘s, become hollowed out in the limestone rocks by 
the carbonic acid of the rain, and form reservoirs of watc'r. 

The drinking water is hard, sparkling, and clean (loitre is more common, 
and, it is said, renal calculus. Of the various kinds of limestone, the hard 
oolite is the best, and magnesian is tlie worst ; and it is desirable not to put 
stations on magnesian limestone if it can lx* avoided, 

4. The Chalk. — The chalk, when unmixed with clay and permeable, forms 
a very healthy soil, llie air is ptire, and the water, though charged with 
carbonate of lime, is clear, sparkling, and pleasant. Goitre is not nearly so 
common, nor appanmtly calculus, as in the limestone districts. 

If the chalk be marly, it becomes impenueable, and is then often damp 
and cold. The lower parts of the chalk, v liich are underlaid by gault clay, 
and wliich also receive the drainage of the parts above, are often very 
malarious j an<i in America, some of the most marshy districts are on the 
chalk. In this country, such iinpenneable chalk is almost entirely along the 
low lines of drainage. 

5. The Sandstones. — Hie permeable sandstones are very healtliy ; both soil 
and air are dry ; the drinking water is, however, sometimes impure. If the 
sand he mixed with much clay, or if clay underlies a shallow sand -rock, the 
site is sometimes damp. In dloosing such a site, the water should be always 
carefully examined. 

The hard millstone grit formations are xexy healthy, and their conditions 
resemble those of granite. 

6. Oraveh of any depth are always healthy, except when they are much 
below the general aurflme, and water rises through themi Gravel hillocks are 
the healthiest of all sites, and the water, which often flows out in springs near 
the hose, heing held up by underlying clay, is very pure. 
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7. Sands , — There are botli heaMiy and unliealthy sands. The healthy are 
the pure sands, which contain no organic matter, and are of considerable 
depth. The air is pure, and so is often the drinking water. Sometimes the 
drinking water contains enough iron to become hard, and even chalybeate. 
The unhealthy sands are those which, like the subsoil of the Landes, in 
South-West France, are composed of siliceous particles (and some iron), held 
together by a veg€»table sediment. It is nearly impermeable to water, but 
water disst^lves gradually the vegetable matter, and acquires a brownish- 
yellow colour, and, if it" conies from aliout G feet in deptli, has a marshy 
odour. It is most uiiwholesome, and causes intermitt (?nts and viweral en- 
gorgementa* Chemical and iiii(Tosc(»pi(! analysis wull deh^ct this condition. 

In other cases sand is unhealthy, from underlying clay or laterite nt»ar the 
surface, or from being so placed that wattir rises tlmnigh its permeable soil 
from higher levels. WaU‘r may then bt' fomel within 3 or 4 feet of the 
surface; and in this case the wind is unhealthy, and often malarious. Im- 
purities are n.4ained in it, aiidettluvia tni verse it. Merely digging for w’'ater 
in the w et season will cause tlie di.^coveiy of thesii conditions. 

In a thiril class of cases, the hjiihIs are imlit^altliy because they contain 
soluble mineral matter. Many sands (as, for example, in tht» Punjaub) con* 
tain much carijonate of magnesia and linn* salts, ns well as salts of the 
alkalies. The drinking water may thus contain large quantities of chloride 
of sodium, carbonate of soda, and ev(*n lime and niagn(\sian stilts and iron. 
Without examination of the water, it is imimssible to detect points. 

8. C/o//, Lh^me M*trU\ and iXUitrinl SdU ijmprulftj, — Thesi* an^ idw'ays to 
1>© reganled with suspic ion. Water neither runs oil* nor mm through ; the 
air is moist; marshes are eomnion ; the eom posit ion of tin* water varies, but 
it is often impure with lime and soda soils, in alluvial soils t]n*re are often 
alternations of thin strata of wiinl, and sandy imjH*rineable clay ; much 
vegehible matt<*r is often mixcKl wdth this, and air and w'ater are lM)th iinpim*. 
Vast tnuds of grouinl in Iknigal and in the other pirts of India, along the 
course of tlie grmt rivers (th(5 (hinges, Brahmapootra, Indus, Nerbudda, 
Krishna, ifec.) are made up of soils of this (it‘Scri])ti(Ui, and some of the most im- 
portant stations even up country, such as ( a\vnp)re, are phunnl on such sites. 
If such spots must lw» chosen, thorough 8u)»soil draining, caii^fui purification of 
water, and eh* vat ion of the houses far above the soil, me the measures which 
must l)e adoptinl. It has been considered (Furln's Watson) that neaily one- 
third of the wliole surface of India is cf>vered by alluvial 

ITie delta of gnjat rivers present these alluvial chamclers in the highest 
degree, and slumld not be chosen for sites, I f they must be taken, only the 
most thorough drainage can make them healthy. It is Jistonishing, howc‘ver, 
what gofwl can be effected by the drainage of even a small area, rpiite insuffi- 
cient to ajffect the general atmosphere of the place ; this allows tlial it is the 
local dampness and the effluvia which are the most hurtful. 

9. Cultivated Hails , — Well cultivated soils arc often luwilthy, nor at pre- 
sent is it known that the use of manure in any fonu lui« been hurtful. 
Irrigated lands, and especially rice fields, which give n<>t onl}" a grt^iit surface 
for evajK>mtion, but also send up organic matter into the air, are hurtful 
In Norlliern Italy, where there is a very ptrfecl sysimti of irrigation, the rice 
grounds are ordere<l to lie kept 14 kiiometrtis (-8*7 miles) from the chief 
cities, 9 kilometres («r5*6 miles) from the lesser cities and the forts, and 1 
kilometre ( ==1094 yards) from the small towns. In the rice countries of 
India this piint should not be overlooked. 

^ Eftux Pwbikptfi*, par Be Caux, p, 155. 
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Section III. — Examination of Soil. 

Mechanical Cmditim of Soil, — The degree of density, friability, and pene- 
tration by water should be determined both in the surface and subsoil. Deep 
holes, G to 12 feet, should be dug, and water poured on portions of the soil. 
Holes should be dug after rain, and the depth to which the rain has pene- 
trated observed. In this way the amount of dryness, the water level, and 
the permeability, can be? easily ascertained. 

The surface or subsoil can also mechanically analysed by taking a 
weighed quantity (1000 grains), drying it, and then ))icking out all the large 
stones and weighing tliem, passing through a sieve the fine particles, and 
finally .sejianitiug the finest particles from the coarser 1»y mixing with water, 
allowing the denser particles to subside, and pouring off tin? finer suspended 
particU^s. The weiglit of the large stones, )>lus the weight of the stones in 
the sieve and of the drieil coars(*r ]>articles fleduct(?d from the total weight, 
gives the amount of the finely divided substance, which is jirobably silicate 
of alumina. 

— The iemjK*ratnre at a depth f*f 2 or 3 feet, at 2 to 4 o’clock 
in the afternoon, would he an imjiorUnt p<»inl to determine in the tropics, 
and also the tem])erature in early morning. At jiresi nt such ohservations, 
though very easily done, and obviously very iiist,ructiv(‘, are seldom, if ever, 
made. It might he also useful to take a certain depth of soil, say G inches, 
and jdueing a tluinnometer in it, <hd(*rmine the height of the thermometer 
on expcfsun* to the sun’s rays for a given tinn* at a ct*rtain ln)ur, 

Chciin'cnJ Exomuiotion , — The chejiiieal constituents of soil are, of course, as 
nuintM’ous as the (dements ; more, than hOO minerals have been actually named. 
Jhit (’criain substances are. very' rare, and, for tlie physician, the chief consti- 
tuc’iiis of soils an; tlie following .suhstan(M‘s or eomhinations. Silica, alumina, 
lime, iron, ungnesia, (;hlorin(% carlxmic a(;id, phos]dioric acid, nitric acid. A 
few simple tests are often very useful, if W(* are uncertain wliat kind of rock 
we have; to deal with. Few persons could mi^ftakc granite, trap, gneiss, or 
rocks of that class ; or clay-vslah; or crvstallim* limestone. Ihit fine white sand- 
stxuies, or freestomi, or (*veii fine millstone grit, might he confounded with 
lime roek.s, or inagn(.‘sian limestone. A few dro|>s of hydrochloric acid will 
often settle the question, a.s it caui«?s (*tft;rvesceuce in the carbrmates of lime 
and magnesian rocks.* 

• It may Ijc useful tn give (from Page’s “ IlanUbotik of Geological Terms’^) a few composi- 
tions, ami to tlefiiie a few of the common mineralogical words used in geology. 

Quartz. -- ('rystiilli.^^ed silica. 

- Silica, alumina (trisilicate of aluniinal, potash or soda, and a little lime, magnesia 
and iKimxide of iron, crystaUise<l or amorphous. 

if ICO, — Silica, alumina, r»eroxide of iron and potash, or inamiesia, or lime, or lithia. 

Mica, but with less silica and more magnesia and iixm. 

OmnjU. — Conii»oaed of quartz, felsj^ar, and mics 
— Honi blende inKt(;ad of mica. 

Syenitir graniU. — Quartz, felspar, mica, ami, hornblende. 

~ Same elements as granite, but the crystals of quartz and felspar are broken and 
indistinct. 

A mineral entering largely into granitic and trappean rocks, composed of silica 
(46 to 60)^ magnesia (14 to 28), time (7 to 14), with a little alumina, fluorine, and pro- 
trtxide of iron. 

AugiU.^hSke hornblende, only less silica (does not resist acids). 

Ilyper$thenc.--h\ke augite, only with very little lime ; it contains silica, magnesia, andinm ; 
resists acids. 

Hard granular crystalline varieties of trap, felspar, and hornblende, or felspar 
and augite. 

Augite and felspar, olivine, iron, pyrites, &c. 

‘'TaVmlar greenstone and basalt 
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A more complete examination should include the following points : — 

1. Percmtage of Wafer, — Take 100 grains of a fair sample of soil, and diy 
at a heat of 220 ; weigh again ; the difference is water or volatile substance. 

2. Abao7*jytion of Water, — Place the dried soil in a still atmosphere, on a 
plate in a thin layer, and I’eweigh in 24 hours ; the iricroaso is the absorbed 
water. An equal portion of pure sand should be tretited in the same w^ay os 
a standai*d. It would be well to note the humidity of the air at the time. 

3. Power of holding Water, — Thoroughly Avot 1000 grains, drain off water 
as far as possible, and weigh ; the experiment is, however, not precise. 

4. Su^tajice^ taken vp by Water, — Tliis is important, as indicmting whether 
drinking water is likely to become contiuuinated. Kub thoroughly 100 grains 
in pure cold water, lilter and test for chlorine, sulplmric acid, lime, alumina, 
iron, nitric acid (see' Water, page 21, for the vseveml tests). 

5. Substances taken up by Hydrochloric Acid. — While water takes up the 
chlorides and the sulidiates of the alkalies, nitrates^ <fec., the greater part of 
the lime, magnesia, and alumina, are left undissolved. This quantity can bo 
best determined by solution in pun^ hydrochloric acid. 

(a.) To 400 grains of the soil add 1 ounce of pure hydrochloric acid, ami 
bent ; note effervescence. Add about 3 ounces of water. Digest for 12 hours. 
l)iT and weigh the luidissolved })oriion. 

(/>.) To the acid solution a<ld ammonia. Alumina ami oxide of iron are 
tlirowm dowm. Dry and w’eigh precipitate. 

(c.) To the filtered solution a<l<l oxalate of ammonia. Dry ; wash and burn 
the oxalate of lime. Weigh as carbonate* (see page 31). 

(d,) To the solution filtered from (e.) add phosphate of soda. Collect ; 
<lry and w^eigh (100 gniiiis of the precipitate - 70 grains of carbonate of inag~ 
iiesia) ; or determine as p}To{»ho.sj>hate. (See Water.) 

The portion insoluble in hydrochloric acid consists of quartz, clay, silicates 


SchtJti.-'-'A term applied to the rtn-ka mentioned iibi»ve, when they &re foliated or split up 
into irrejjular platea. 

r7ayafrt/e.—ArjdHa<'eous arenaceous ro<’ks, with more or Uw» marked cleavaf?e. 

Lun^stone.— All varieties of hani rooks, consisting chietly of car Inmate of lime. 

OUiU . — Limestone made up of small roumied grains, compact or crystalline, like the roe of a 
tish, 

VhaLk,’-~^\iX cartmuate of lime, 

MagnfJtum liffustone. —Anv limestone containing 20 per cent, of a salt of magnesia, fre« 
qiiently not crystallised. 

— CrystafH.sed magnesian limestone. 

Kunhif.—A term u^a^d in India, to denote nodular masses of impure carbonate of lime, 
iSte/emTe.-- Sulphate of lime. 

—Water* w'om and rounded fragments of any rock, chiefly quartz ; size, from a j>ea to 
a hen’s egg. 

iSSaiu^.-'Bame, only }mrticles less Ilian a pen. 

Consolidated sand ; the particles held together often by lime, clay, and oxide of 

iron. 

Freestone. — Any rock which can l>e cut rewlily by the buihler ; usually applitni to sandstone. 

MUlstme ffrU.—H&nl gritty sandstone of the carboniferouK scries, used (or millstones. Grit 
iff the term generally ttseil when the particles are larger and sharper than in ordinary ffand* 
stone. 

Oreenmnd. — Lower portion of the clmlk system in England; sand coloured by chlorttons 
silicate of iron. 

Clay. — BUicate of alumina. 

Marl. — Lime and clay. 

/yi/mfe.— A term much used in India to denote a more or less clayey stratum which underlies 
much of the sand in Bengal, some parts of Bunnuli, Bortdiay presidency, Ac, 

CmglomenUe.--Bi(>ckM eomix^iMjd of (jon»o!iflated gravels (i.c., the fragments watarwom and 
rr>unded). 

/hiftjaa.— Bocks compose<l of angular (not water- worn) fragnients (volcanic breccia, osseous 
breccia, calcareous breccia). 

Shale. • A tem applied to all clayey or sandy fomuitions wdth lamination ; it is often consoU* 
daler} and har^ned iimd. 



CHOICE OF SITE, 


261 


of alumina, iron, lime, and magneaia. If it is wished to examine it further, 
it should be fused with three times its weight of carbonate of soda, then 
heated with dilute hydrochloric acid. The residue is silica. TTie solution 
may contain iron, lime, magnesia, and alumina. Test as above. 

6. Iron , — Iron can be determined by the bichromate of potash, or by the 
permanganate. As the latter solution is used for other puq>oses, it is conveni- 
ent to employ it in this case. 

Dissolve 100 grains of the sod in pure hydrochloric acid, freci from iron, 
by heat. 

Add a little pure zinc and heat to convert peroxide into protoxide. Deter- 
mine iron by permanganate of potash. 

Preparation of Pemiaiujanaie of Potash Solution. 

The solution made for the detennination of organic matter in water may 
be used, or the following may be substitut(*d. 

Take 10 C.C. of standard solution of oxalic acid ((>3 grammes to 1 litre) 
and add 90 C.C. of waUtr ( -- 100 ('.C. of centinormal acid). Add 6 C.C. of 
strong sulphuric acid, and heat to 140"^ Fahr. 

Drop into it solution of permanganate of putasln 

Tlie number of C.C. of the permanganate used = 0*56 grammes of pure 
iron. Multiply by 15*43 to bring into gmins. 

1 gramme or giuin of iron ^ 1*285 grammes or grains of protoxide. 

1 ,, „ - 1*428 „ „ peroxide. 

1 „ „ 1 *028 „ carbonate. 

1 grain of protoxide -- 1*207 „ „ carbonate. 

llie medical officer will seldom find it necessary to examine for any of the 
otlwr constituents ol* soil. 


SECTION IV. 

GENERAL RULES FOR CHOICE OF SITE. 

If a site i.^ to l>e chosen for a p(*.rmanent station, see it at all times of the 
year and of the day ; in tlie wet as well as in dry seiuson, and at night as well 
as by day, 

lleojtit (f Hills . — (iet the exact height of the liills from an engineer; or 
failing this, determine it by tlie barometer. (See Meteoroi/)GY.) 

Oeolotjiral Onfrr^ Direrfion, and Hip of iSirata. — Learn the ]>osition in the 
geological series, if pos-sible, the direction of the clip of the strata, and the 
course of the fall of w*ater. 

Mechitnieal and Chemical Cowpositian . — Get as nmcli information as pos- 
sible in the way already |K)inted out ; even a su]H'rticial <'xaiuination is much 
Ixitter than nothing. 

Analysis of Water . — Analyse the water, and determine its ijuantity; 

Subtermnean course of — Always (dioose a spot fi-om which there is 

drainage, and into which tlien^ is no dminagt\ 

Tcmpei'aturey Dew-imnty and Winds . — Take as many temperature observa- 
tions as ]>ossible, and dew-jxiint determinations, and learn the direction of the 
winds, and, if possible, their force and temperature. Attend to aU the rules 
already given on conformation, vegetation, and comi>osition of soil, and dig 
holes of 1 0 to 1 6 feet in depth at various points. If possible, never take ground 
which has lH»en much distiubed. and alwavs avoid sites of old dwellinjfs. 
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Such a complete examination demands time and apparatus, but it is quite 
necessaiy. 

A fair opinion can then be fonned ; but if a large peniianent station is to 
be erected, it is always desirable to recommend that a temporary station 
should be put up for a year, and an intelligent oliicor should bo selected to 
observe the ctfect on health, to take meteorological obseiTations, .and to 
examine the water at diffei'ent times of the year. Sometimes a spot more 
eligible than that originally chosen may bo found within a short distance, 
and the officer sliould be insifucted to keep this |>oint in view. 

The mediced officer has nothing to do with military considerations or ques* 
tions of supply, but if he is able to suggest anything for the infonnation of 
the authorities, he sUoidd of course do so. 

llie opimnn of Lind, whose large experience probably surpassed that of his 
contem|xu*aries and of our own time, should be renHmibere<l.* 

In choosing a site for a temporary cam}», so elabiuate an examination is not 
possible, llut as far as }>ossible the .same rules should be attendinl to. Therti 
is, however, one ditlenuict^ ; in a p(‘nuanent station water can be brought 
tioin some distance ; in a temporary station the wat«;r suj)]»ly must be near at 
hand, and soiuetljing must be given up for this. I'ho banks of rivers, if not 
marshy, may be chosen, care btung taken to assign j>n^per spots for watering, 
washing, Arc., as laid ib»wn in the eluipter on \V'ut(‘r. A river with marshy 
banks must never be chosen in any climate, except for the most inipemtivu 
military reasons ; it is better to have tin* «‘xlni lulxvur of carrying waU*r from 
a distrmce. 

A site under trc'es is good in hot eountries, but brushwood must be avoided. 


sKnioX V. 

1 Ur.P.MiATloX OF SITE. 

Ill any locality intended to be pemanently used, the gi'oiiud sliould bo 
drained with pipe dnuiis. Flveii in tin* driest of the loose this is desir 
able, esjHJcially in hut climates, where the luind’all is beavv. In impenueabie 
rocky districts it is less necessaiT. The size, depth, and dislanct) of the 
di-ains will lx* for the engineer to <letermine ; but generally deep drains (4 to 
8 feet, and 12 to 18 feet apail) ari? the best, if there is no good fall, it has 
been proposed to drain into deep pits ; but usually a goixl engineer will get a 
fall without such an expe<lient A good outfall, however, should be a j>oiut 
always lfx>ked to in choosing a sUition. These drains are inteiidcHl to canyu>tr 
subsoil w'atcr, and mA surface and niin water, 'iliis latter should be provided 
for by shallow' surface dnun.s along the nalunil outfalls and valleys. As far 
as drainage is cf)ncerned, we luive then to prt»vi«le for mere surface w'ater, and 
for the water wdiich passes l«*low the surface* into the soil and subsoil. 

Bni«hw'<x»d 8houl<l be clearwl aw^uy, but trci^s left until time is given for 
ccjiisideration. In clearing aw'ay brinsliwoixl, the gnuuid in the tropics should 
1x* disturlxjd iis little m jKissible; and if it can be done, all cleared spots 
should be soon sown with grass. 


• ** nxiut hesHhy countrie* in the world contiin i4|K>t#» of ground wheiv Ktrungenv ar« 
j^ubject to Hicknm. Tfasre is hardly to \m found an)* large extent t»f continent, or even any 
b»laftd, that doe« not contain oome ploisea where Euxopeww nmy eiyoy an iminterruptml otate of 
health during all oeoaona of the year. Lind, fJitmM* «/ in Uoi 4lh edi- 

tion, I*. 
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In erecting the buildings, the ground should be excavated as little as 
possible ; in the tropics, especially, hills sliouhl never be cut away,# The 
surface should be levelled, holes filled in, and those portions of the surface 
on which rain can fall from buihlings well paved with good side gutters. 
This is especially lu ci’ssar}'' in the tropics, where it is of iini>ortance to pre- 
vent the ground under buildings from becoming damp : but the same prin- 
ciples apply everywhere. 

In a temiH>i*ar}^ camj) so much cannot lie done ; but even here it is desirable 
to trench and dmin as much os possible. It not unfrequently hapyiens in 
war that a camp iiitende<l to stand for two or thrtJC days is kept up for two or 
three weeks, or even months. As soon as it is clear that the occujiation is to 
be at all prolonged the same plans shouhl be ado])ted as in permanent stations. 
Tlie great point is t<» carry off water rapidly, and it is astonishing wliat a few 
Well-planned surface-drains will do. 



CHAPTER IX. 


HABITATIONS. 

Whoeveh considers cai'efully the record of the media* val epidemics, and sei 
to interpret them by oiir pnjsent knowhalge of the causes of disease, will, t 
believe, become convinced that one great reason why those ejudemics were so 
frequent and so fatal w'as the compression of the population in faulty habita- 
tions. lU-contrivod and closely-packed houses, with narrow si reels, oiYen 
made winding for the purpose of defence ; a very ]) 0 or supply of water, and 
therefore an universal unclean] iness ; a want ot all appliances for the removal 
of excreta; a population of rude, careless, and gross habits, living often on in- 
nutritious food, and frequently exfwwed to famine from their imperfect system 
of tillage, — such were tlu* conditions w'hich almost thnuighout the whole of 
Europe enabled <liseases to attain a range and to display a virulence of which 
we have now scarcely a conception. "J'he mort^ these matteiv are examined, 
the more, 1 believe, shall we \hi convinced that we must look, not to grand 
cosmical conditions ; not to eartliquakes, comets, <ir mysterious waves of an 
unsfjcn and poisonous air ; not to recoiuUte epiilemic oonslitutious, but to 
simple, familiar, and lious<*hold conditions, to explain the spread and fatality 
of the mediaeval f>lagues. 

The diseases arising from faulty habiutioufl are in grc‘at measure, pcriiaps 
entirely, tlie diseases of impure air. The site may Ihj in fault ; and from a 
moist and malarious fw>il excess of water and f^rganic emanations may jmss 
into the house. Or veutUalicui may be iinjKTfect, and the exhalations of a 
crowded popidation may accumulate and putrefy ; or the excix'tions may be 
allovred to remain in or near the house ; or a general uncleanlineSvS, from WTUit 
of water, may cau.H<* a pei*Histent conlainiiiation, of the air. And, on the con- 
these hve conditions ensure healthy habitations : — 

1. A site diy and not nudarious, ami an as{>ect which gives light and 

cheerfulness. 

2. A ventilathm w^hich carric'^a off all respiratory impurities. 

3. A system of immediate and perfec.t sew'age nunov^sILwhich shall n?nder 

it impossible tliat the air shall Ix^ contaminakd m;m e.\creta, 

4. A due supply and proj)er nunoval of water ; by means of which per- 

fect eleaaliiiess of all parts of the houst* (tan Is* ensured. 

5. A constniction of the houw^ which shall ensure jKrrfect dr}^noss of the 

foumlation, w^alls, and rrs>f. 

In other worrls, jxjrfexit purity and cleanlinitas of the air is the object to 
attained, lliis is the fimdamental and paramount condition of healthy habi 
lations ; and it must over-ride all other considerations. After it has been 
attained, the architect mttst engraft on it the other conditions of comfort, 
convenience, and beauty. 
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llie military habitationa which have to be considered, are barracks and 
their lidjuncts, and hospitals. 

In the chapter on Field Service, temporary war buildings will be con- 
sidered. 


• SECTION 1. 

BARRACKS. 

Barracks have 1 een in our army, and in many armies of Europe still are, a 
fertile source of illness, and loss of service. At all times the greatest care is 
necessary to counteract the injurious effects of compressing a number of per- 
sons into a re.stricted space, in the (iase of soldiers the compression has been 
extreme ; but the counteracting care has been wanting. It is not more than 
forty years since, in the W est Indies, the men slept in hammocks touching 
«ach other; only 23 inches of lateml s])ace being allowed for each man. At 
same time, in Enghuid, tlie men slept in beds with two tiers, like the 
*ths in a ship ; and not infmpu‘iitly, each bed held four men. "When it is 
added, that neither in ilie AVest Indies, nor in the home service, was such a 
thing as an opening for ventilation ever thought of, the state of the air can be 
imagined. 

The means ol‘ removal of excreta were, even in our own days, of the rudest 
description, both at lionu! and in many eolmiies ; and from tliis cause alone 
thcnj is no doubt tlmt the great luiritary nations have suffered a loss of men, 
which, if expressed in mojiey, would have heeii sullicicnt to rebuild and purify 
every barrack th(*y posscsss.* 


• It in a most remarkable oircumstaiico, that the two di-seases which, in the French, Prussian, 
Hanoverian, and Beltfiau armies ; and prohahly in the Austrian, and, till lately, in our own 
anuy, caused the largest share of the mortality, were a destructive lung disease, termed phthisis 
in tlje returns, and typhonl fever. 

At tlic risk of a little rejadition, I iutr^niuce here a ta)»le which belongs to another chapter. 


Oui uf lUO Ui'ttthK from all causes, j 
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i 
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26 
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Hanoverian, .... 

39*4 

2,3*68 

63*08 


The production of disorganising lung-disease ahough ^jcrhaps occurring in several ways), is 
intimately connected witli the c<u»st;mt breathing of an atmosphere vitiated by respimtion ; 
and typhoid fever is as closely related with bad drainage. Ilotb diseases are tlierefon? diseases of 
habitations, and show, in the case of the soldier (wlm is not subjected to other causes of phthisis, 
such as inaction, coastraitied position, ami iiduilation of dust, &c,), that tlie air of his dwelling is 
foul. But 1 neeii not say, the vitiated air of dwellings has a far wider influence even than this, 
which hi elsewhere nderred to. 

In hot climates, the same rule holds gooil. Is it not a remarkable fact, that in the West 
Indies, those islands of {taradise, where no cold inclement wind ever vexes the tender lungs, 
there was, twenty or thirty years ago, an exlmonUnary moitality from consumption, and from 


• Ttie precise amount of lyphofd fever Is uiiceitaiti, but Is known to very 

t The amount of phthisis Is greater; but as ihc men aiv scut home, aiui struck off the roll in a cer- 
tain lime, H is dlfllcnlt to state it in flgureii. 

I tn the kiigllsh retnrita I have put together tyt^hold, typhus, and Fehris contlnna, a* they are nol 
always ^silnirttlshed ; atid It Is eafter at present to do so. Tli« numlwr therefore Is higher than It would be 
With typhoid alone; but even this number oontrssts very favourably with the mortality of other armies, 
and ahowt How well the ssnttary regulations are woiking. 
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Sub*Section L — Bahrackb on Home Seuvice. 

The imperfection of the English barracks was owing to two causes — ^tot, a 
great disregard or ignorance of the laws of health ; and secondly, an indisposi- 
tion on the part of Parliament to vote sums of money for a stiiiuling army. 
At the close of the kst, and at the commeuceuient of the prtisent centuiy, ^ 
the Whig party especially opposed every gnint which Mr Pitt brought for- 
ward for this pur})Ose.* After the great wai\ the exhausti(»n of the nation 
prevented anji^hing Ixung done, and in spite of the rt*prc*sentations of 
many military men, comparatively little change occurred till the Oimean 
War. In 1855 a committee, t of which Lord Mouck was (dminuan, was 
appointed by the War (hlice to consider this Mibjeot, and j)n*sent<Hl a most 
excellent Keport.on Jhirnu!ks, the snggestit>ns of wliioh liave Ihh^u since 
gradually earned out. Immediately after this a Itarrack ImprovennMit Com- 
mission J Wiis organised, and in 18(51 this Commission ])uhlishcd a Blue-Book 
which not only contained jlaiis aiul descriptions of the existing barracks and 
liospitals, but laid down rules for their construction, ventilation, and seweragt*, 
for future guidance. It is dillicult to sjxuk too strongly of the excellence (»f 
this Report., and if its rules are attended to, tlnu'c can he no tlonbt the British 
army will, as far as habitations an* coneemed, lx* lodged in healthier dwellings 
than almost any class of the coiniminity.§ 1 must refer to this Report for a 
fuller account of tin* older barnicks juid ho^^pitals than can be given here. 


uh t ( if tnii ( in B* frr> eVrs. 

The — Th<* 1 ♦iiN*ctor-(iener.ii is to l»c coasulttsl on tlie 

plans and site of any new luirmck (p. 7l(). 

The Inspector or I)eputy-Iiis|H‘c,tor-(Jeneml is orderetl to see that all r<*guhi- 
lions for jirotecting health in UaiTiicks an* carried out. makes a monthly 
insjHiclioii, tixamining into ventilation, warming, lighting, latrines, clowis, and 
all other |>oiiUs. (J/oA Reg.' P- ) 

Tlie regimenbil luedhad cdlicer jx^rfonns the sane* duties (p. 78, c/ s/vy.) He 


A conliuiXMl fevor, ^luch in atl j»n>nat/irity was \ Yi»t >vb«i r an womter, wh**n wu ihul, 

iij the Windwani aad Lecwanl (“oimnand, the very t»eHt harra«’k, in IS27, }fave only this anuniut 
of accommodatiou ; the lueu ulept in haininocks tmiriiin^ earh other ; the awraye ajwtoe allowed 
to each num niietiksuml only 2^5 iin hes in bvemlth ; and tlie tfdal cuhi** njun-e jhif head, in thin 
the best barrack in a tix»|»ical climalt*, was <*nly 25*) rubi<* feet, 'fhi' air was of ruurse |mtrid 
in the highest degre**. 

Ho also ill India, the >>e«t writer on the ineaiw of iiresening the health of troojw* in India 
<I)r Chevex*«), d<K^K not hesitate to assert that fimlty barracks u^^ though not the only, yet a 
great can»e of a mortality, which, iiiatenn of years, has Imen at least fourfold nnue than at home 
Phthisis and typhoid fever hold a siilK»rdiiiate place though it is not unlikely that tlreir 
frequency is undemted) ; but other diseiiM«s appear, which are in part corinirted with faulty 
barrack arrangements, dysentery and cholera. 

In India, as m England, no extsmse luis of late years l>een spared ; but yet the fact 
that the very habitations erected for their shelter and wmbirt have proved to the 
source of sunerinff and death. 

^ On looking through the Annual Begister, 1 find tliat Fox, as well as his followers, 
atmiiffly a^ainat the mnt of sums <;f money forirapixjving burtJK kH. Their motive* w*er« ^ 
and their jealousy of a standing army justitlwl Iiy what had gone tefore, but the wwuH has 
been moat unfortunate for the soldier. 

^ Heport of the Odiria) (Jonindttee on Barrack Arcornruf slat ion for the Army.-- /Ike- iloojt, 


t Sidney Herliert, Dn Hntlierland and Bumdl, and Captain Gallon, were the flral Barrack 
ami Ilosnital Improvement Comniiasioners. I^rd llerliert dhl not sign the flfat Heport, aa be 
became Miniater of War. Dr Burrell retired. The remaining Coniiidseionera (Dr Sutherland 
and C::aptain Oalton) aubsequently published the Iler»ort on the Mwliteimneaii Barmckt, and, 
with others hereafter noted, are now occupied with the Indian lianacka, 

{ General Heport of the Comndsalon appointed for improving the sanitary condition of h»r* 
racks and hospitals, D^l. 
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is also especially ordered to see tliat every soldier has a separate bed j* that 
the beds are not placed at a less distance than 6 inches from the wall ; that 
the beds are aired every morning for at least an hour ; that the windows are 
opened in the morning as soon jus possible, and kept o^xm as far as weather 
and season will pennit. The walls and ceilings are ordered to be limewashed 
twice a-year (p. 80). In the baiTuck regulations {Reg. 1 80) it is ordered that 
painting, colouring, scra[)ing, and washing shall be done every nine years or 
oftener, on the requisition of the commanding ofli(jer. But, as i>omted out 
by the Barrack Irnprovenumt ('ommission, these rules are (iuite insuilicient. 

Each man is allowed GOO cubic feet of space, and the number of men 
located in each buirack rcKUU is tf) be painted on the door. This is a most 
important rule, w'hich should be strictly enforced ; if it is not so, it is to be 
stated in the Annual Keport. No regulation is made as to su})ei1icial space, 
and it will vary with the height of the barnick room ; from 5G to GO square 
leet is the avemg{‘. 

Tlie Queen’s Jiegulutions for the Army (p. 24G, et pocket edition,) 
order the oilicer ol‘ the day to see to the veiitilatif)!! and cleanliness of hanucks. 

Barraeks ant ordered to ]>e washed once a-week, and no more water is to be 
used than necessary. On intei mediate days the rooms arc* dry-scrubbed. 

A dry and non-nialarious site Indng cliostm, and the subsoil drained, the 
plan of sewenige must be lix^nL If, a.s usual in this country, water is used to 
cany olf the sewage, the inedi(.*al otticer 8}n)uld bestow great pains in con- 
sidering the plan of the sewers and their ventilation. (See Skwkiis.) 

In building the several parks, it is most imporhint to insua- perfect diyness 
of the, walls by using courses of slate, vitrified Ijricks, or asphalte, to prevent 
water fr«.»iu rising, and to see that the bast*ment rooms are thoroughly venti- 
laU*d. ^V’ith regani to the materials for building, the least absorbent sul> 
stances, wdiether stone or brick, are to be prefenvd ; the amount of absorption 
may be U\skxl by j)la(*.ing the brick or piece of stone t»f known weight and 
surface into a ine;i.‘4ured (piantity of water, and measuring the water not 
absorbed in threi* hours.t 

The amuig^unent of the several buildings mu>t be then considered, and a 
distinction must In* nunle between infantry and cavahy barracks, on account 
of the stables in the latter case. 


I rracIiX. 

Bhck Plan.- yanimiy a number of men, even a whole regiment, were 
aggnigaUnl iii one large lioiise, and this wtus often built in the form of asquaa', 
the quarters for the ollicers forming one side ; on account of the ense of sur- 
veillance, ^lany ofheers still prefer this form. But it is always ohjeetionable 
to have an eiudosed nniss of air, and if it is mloptcd, the angles should be left 
ojHm as recommended by ItolxTl Jackson. The Barrack Improvement t’om- 
missioners Imvo very justly rtH:ommended that there shall be such division of 


* Fonnerly two, and evon threo, men nlent tf>getber, I have told, that iis late as 1842, 
one of the old IxhIs. w ith two tiera, was to f»© at the tiuaids' bomicks in Portiiian Street, 
Lornlmi, Uiough it had, of course, Wn long disused. 

t Bricks imperfectly bunted on the outstde of the kiln are teniuMl Place, or Samel, or Sandel 
hrickit* They ahaorh much water. The aun-ilrietl bricks of India are very damp, and absorb 
watsr from the air. t am not awaitt of the alwirhing i^wer of the bricks made by compresHiou 
without burning. Many aaudatonea are v«r>* porous ; water beats into them and riaes nigh by 
caniltary atitaciion. Lime maflo ftttm chalk absorbs water. Pise is compressed earth, and, 
nxuiMia covered with cement, ia moist. 
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the men among numerous detached buildings ; and instead of the square, that 
the separate buildings shall be arranged in lines, each building being so placed 
as to impede as little as possible the movement of air on the buildings, and 
the accession of the sun’s rays. As the plan of assembling the men in camps 
at a distance from towns, where land is loss valuable, is now the system, no 
difficulty is found in spreading the men over a large area, nor has discipline 
suffered in any way. 

In arranging the lines, the area of the builtlings should bo if possible noHh 
and soutlx, so as to allow the sun’s rays to fall on both sides. One building 
should in no case obstruct air and light from another, and each building must 
be at a sufficient dist^uice from the adjoining house, and this distance should 
not he less than its own height, and if possible more. 

Paris of a Barrack. — 1. The barrack room, with non-commissioned officers 
rooms screened oiF. 2. Quart ei^s of the iiiarritMl privates — six to each com- 
pany. 3. Quarters of the staff-serjeants and serjoauts’ mess. 4. Quarters of 
the officers. 5. Kitchens. 6. Ablution rooms. 7. Kitrines and urinals. 
8. Orderly room; guardroom. 9. ('ells. 10. Tailors’ and armour}" ; 
commissariat stores; canteoiL 11. Reading-room (in many barracks); schools; 
magazine. 

It is unnccessixry to describe all these buildings. 

The old barracks are of all conceivable forms ixnd kinds of construction, for 
details of which I refer to tlie ( ’omniLssicuiers’ RefMU't. 

In many of the old barrack rooms tlie fdlowing ded’ects art< found : the 
rooms have xvindows on <»ne .sidt* only, ami there are no imians of (*ro8S venti- 
lation, or the rooms are very long, with the windows at tlie ends, and the 
beds arranged along the de^id wall, so tliat thorough ventilation is im[X)S.sible, 
or the vitiiited air from one end must pa.ss over all tlu*. other beds to t^scapu at 
the other; or the rooms o])en on eitln r side of a ceiitnd corridor, so that good 
ventilation is not only difficult, but the air of one room must almost imjvit- 
ably pass into another. 

Tlte chief plans of the grouping of rooms in the older biimu^ks an* — the 
corridor, wdih rooms on one side ; the corridor, with rooms on the two 
sides ; and tnin.sverse passages xvith rc^oius opening on ea<!h side — the rooms 
being each di\ided into two by a longitudinal partition. Tlie fimt anrang*>- 
ment is the Ixist, but the chiH<jd comdf)r is fd ijectionablo. If it bt* usikI, 
there should Iw; windows as well as doors opening fnuu the rooms into it, and 
free corresp<ni<liug windows in tlu' corridor itself. The corridor should, tvs well 
as the rooms, be ventilated with shafts ; and it should be a rule, whenever 
corridors or inside sbiircasses exist, to ventilate them .S(q>arately from tlie rooms. 

Many the old barracks are als<i very delicient in proper arrangements for 
the removal of njfii.se. Ashj)it8, dung-heaps, are placed too near the 
huUdiugs, and the air entering the n)oms ]iasst*s over tlujm. All such defects 
as these are now nunedied. 

When new bairacks are built, the plans of the (,'oinniission will lx? 
followed. 

Barrnrk Bwms , — The size ami shape of the barmck room will dMdc the 
kind of buildings. The Bairack ( Nmimittt*^? of n r ommentled that each 
nxxm should accg)mmodatf; 12 men, or one squad, as this is most comfortable 
for the men; but small rooms of this sizfj are mon) ilifficnlt to arrange, and 
it is now considered! best to put 24, or one se<dion, in each nx^m. 

The Barrack Improvement Commissioners’ recommendations may be con- 
densed as follows : — 

The rooms are directed to be narrow, with only two rows of l>ed«, and with 
opposite windows— one window to eveiy- tM"o beds. As each man is allowed 
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600 cubic feet of space, and as it is strongly recommended tliat no room shall 
be lower than 12 feet, the size of a room for 24 men will be — length 60 feet, 
breadth 20 feet, height 12 feet. This size of 
room will give 14,400 cubic feet, or (600 x 24) 
enough for 24 men ; but os the men’s l:)odie8 and 
funiiture take up space, an additional 2 feet has 
been allowed to the length in some of the new 
barracks. Assuming the length to be 62 feet, 
tlie superficial area for each man will be nearly 
52 feet, a little more than 5 feet in the length 
and 10 in the w^idih of tln^ room. At one end 
of the room is the door, and a room for the ser- 
jeant of the section, which is about 14 feet long, 

10 wide, and 12 high. At the* other room is a 
narrow passage leading to an ablution room, 1 
basin being pro\dded for 4 men, and an urinal. 

8u<!]i is the present aiTangement of a single 
bamck rofun, and it is diflicult to contreive a 
btitter plan, unles.s it might be suggested I that 
an open verandah, never to Ik* made into a cor- 
ridor, shoukl be placed on the s<mlh or west 
side It would be a lounging jduce for the men. 

8o also a cleaning itioiu for arm.K and accoutre- 
ments would lie a very useful addition. 

Tlio n:)om thus f(»rined may constitute a single, 
hut, but if spa(*o is a consideration, two such 
r(X>ins are diit*cted to be placed in a line, tlie 
lavatories b(dng at the free ends. A house of 
this kind will accommodate half a company. 

The several houses are separated by an int(U*v.d 
of nyt le.ss than 25 fe<*t. For the .sak<* c»f 
economy, however, the houses will in future be 
frtH(uently made two-storied, so that one house 
will c^mtain a company in four rooms, and ten 
will sutiico for a wgiment. 

The tlm'e fdlowing plans of rf*cently ercctetl 
l)arracks show the arrangements which am 
adopt(?d, l/jf, When there is a single story, 
as at C'olehester, and no stairi asi* is riHiuirtHl. 

2<j?, When there are two story s, and a sUiir 
ease must be introduced, as hi tlie new cavalry 
barnu’ks at York. 

Wlien there ait' not oidy staircases, but 
the barracks must be extended in one long line, 
including many rooms, and when, theitdons the 
ablution rooms cannot 1 h^ put at tlie ends of the 
rooms, but must platx^d on the landings, as at 
(.’helsea. 

If 10 houses are thus fonned, and arranged so 
as to ensure for each the greaU*st amount of 
light and air, the following area will be occupied Fig. 67. - it)iche.sterCau»p Houses, 
by those houses alone. Each houst* (with wtills) 

would measure about 140 feet long and 22 broad, and the space between the 
houses jnay la? taken at 64 feet, or twice the height of tlie house. The 
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external houses would, of course, have clear spaces on both sides like the 
others^ The area of the occupied md unoccupied space would be very nearly 
12 square yards to a man. 



Fig. - New (Jftvnlry Barracks at York, Fig. C9. » N>w Chelsea Barracks. 

But this amount of cK>inpression, wliich wouhl h* injurious in a large city, 
anil do no harm in these well-planned and ventilated barrtM'ka 



BAKtUCKS. 


271 


(d) Day-roome , — The soldier lives and sleeps in his barrack room; it 
has long been a desideratum to introduce day-rooms,* but, at present, the 
expense is too heavy. Still it is very important that the men should take 
their meals elsewhcrt^ than in their barrack room, and in some barracks a 
room is provided close to the kitchen. The addition of a few verandahs to 
the rooms would he less exjKjnsive, — ^and if reading-rooms were provided, some 
of the purposes of day-rooms would be obtained. 

(c) Nm-Commismyned Officern' llooma . — ^The Serjeant-major and Quarter- 
masttjr-serjeant are entitled to two rooms and a kittdien ; the Paymaster- 
scrjeant, Hospital-serjeant, Schoolmaster-serjeant, and some others are entitled 
to two rooms. The coin])any serjeants have om^ room each. The rooms are 
about 14 feet by 12, and 10 high, and contain about 11C8 cubic* feet when 
empty. I'he amount of s])ace is small, and as many of these non-coramis- 
sioncii ofli(‘ers aiv. mamed, and as it is a matter of justice, no less than of 
polii^y, to make them as comfortahh* as possible, it is to be hoped that two 
rooms may he allowed to t‘verv married man, and thn^e in tlie cjise of all the 
senior noa-connins.siuned <»i!ioei*s. The non-comniission(‘d otlicers sliould be 
looked on in the light of the overhK>kers of a factory ; they are even more 
essential to the good working t»f the army than the overlookers are in a mill ; 
hut no married overl(H>k(*rs would ever conceive the possibility of living in 
two rooms, in one of wliich <?ookiug must be dunr*. 

{d) MnrHttl Sold tern Umnirrn , — Six privates in a company of 100 men 
are allowed to be married. Formerly they were places! in the men's bamcks, 
a spaf,‘o Ixdng scivened off, but now they are entitled to se])arate quarters, 
each family receiving one room 14 fe(‘t by 12, or 108 sujK^rlicial and 1080 
cubic sjuic-e. Sixty such rcaaus are, — or are t(» be, — provided for a n*giment. 

There is no doubt that this allowance of si»ace will be iiKTeased in accord- 
ance with the general feeling of the time, which is strongly against the mix- 
ing uj) adults and children of all ages in the same room. Tlie amount of 
spacti also is really much too small Certainly two such rooms oiiglit to be 
given to each inarricjd jirivate. 

Wurwivy of Barrovk linom ^ — The rooms are wanned in two ways ; radi- 
ant heat from an open tire, and warm air, which is obtained from an air- 
chamber behind, and liinited by the lire. The external air is led by a pipe 
to this chamlHT, and then iiseendiug, enters the. room by a louvre. The 
grates arc* of various snses, according to the size of the room. Smallest^ — 1 foot 
3 inches of fire ojXMiing for rooms of 30<K) cubic feet. jMiddk^ — 1 foot 5 
incluis for rooms In’tweeii 3()00aud 9800 cubic feet. Largest — 1 foot 9 inches 
up to 12,000 cubic fet*t. l-.arge rooms have two gTates. One grate is usually 
provided for twelve men. 

The nuHatiiig power of tin* small luirrack grate is aided by a well-arrange<l 
angle, and by a liri'-clay hack ; as the lira i.s small, however, the radiating 
power is not graat. The amount and Umi])eratun‘ of the air entering in by 
the warm-air Imvre ha.s not yet Ik*ou detenuined. 

In the wai'ds at Fort Pitt, with the largest size of grates, the mean 
rapidity of movement of w'anu air through the upper slit.s of the louvre, with 
a good fiiv, was found to be about 2J feet per si*coiid, mul the total cubic 
amount of w^irm air entering jK^r hour through the wliolo louvre w^as (ap- 
prox imabjly) 4000 cubic feet \yer llour, wdth a mean temperature of 19® in 
excels of the external air-tein^wratun*. No unusual diymess of the air is pro- 

♦ Bee Report of Coniuiitiee (1865) p. iv. The ol»jectioiis to day-rooms are Isf, More labour 
to keep clean ; (Chance of men being debarred from their Iwirrack room during day ; Srf, 
Chance of daj^-rw^m Insing appropriated on emergencies. The Committee, therefore, recom- 
mend only dining-rooms for tue men, to be arrangim near the kitchen if possible. 
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duoed by the admission of tliis quantity of wanii air, the relative humidity of 
the air being about 70, 

The fires in the barrack rooms are let out at night During fiffcy-six days 
in the winter of 1862-3, tlie mean minimum night temperature in a barrack 
room at Cliatham was 43"^ *6, while the moan minimum outside temperatiue 
on the same nights was 35®. 3, showing a diiference of 8®*3 in favour of the 
barrack room, which (as the fir6 was out) was owing chiotly to the warm air 
entering through the louvre, and in a loss degrt^o (probably) to the warmth 
given off from the bodies of the men. When the weather was cold, and the 
outside temperature was lowest, the lire wtis kept up later, and the difftjrenco 
between the outside and inside air was greatest, amounting, on one occasion, 
to 19° (28° outside and 47° in the rOoin). It would aj>pear probable, then, 
that the grate is sufficient, * with an extra supply of coal in very cold winter 
weather. 

The movement of air through the hot*air loiivivs is not regular ; oi'ien doors 
and windows, which increase the j>ressure of the air of tlio room on the louvre, 
will sometimes delay the movement, and, if the air ckimber is not very hot, 
will even nwerse it and drive the air down ; but in cold weather, ■when the 
doors and windows ai-e shut, the action is tol(‘rably rt'gtilar. 

Tlie size of the tube leading to the air-chamber is given under the follow- 
ing heiiding. 

VeniUntion of Bm'rack Eonrm . — This is nf>w carried out on the princi|)Ies 
laid down by the Barrack Commissioners. In addition to cross cummta 
securc^d by the windows and by the chimney, certain openings aro provided. 
Eveiy room is ventilated apart from other rooms. Lobbies and staircaso-s, 
if they exist, are also separately ventilated. Bt^th inlet and outlet openings 
are provided. 

Outlet Oiyeiiitufu . — Die size is governed l^y the cubic space wdiich regulates 
the number of persons in the room, and by the jH:)sition of the room ; as the 
current is greah-r the higher the sliaft, less area is recpiired for the ground-floor 
of a three-8tor<3yed house. 

1. On the gr mnd-floor, 1 S(|uare inch for every 60 cubic feet of room space. 

10 squart* inches of section area p<*r man. 

2. On the first-fl<x>r, 1 square inch for every 55 cubic feet of room space. 

10’9 8(juan* inches of section area p<*r man. 

3. On the sec(;nd-fioor, I square inch for every 50 cubic ft^ t. 

— - \2> s^juare inches man. 

For a room of twelve men, the total siz<^ of tlie shaft is from 120 to 144 
square inches ; if there are more than twelve men, two shafts an^ generally 
provided. The outlet shafts are placed in tlie comers of tin? room, with am 
inverted louvre below to throw up down-draught. Above, there is a louvre 
to prevent down-draught. (8ee Vkntilation.) Die outlets are mmlc of wood, 
with a perfectly smooth intenial surface. 

In addition to these outlets there is the chimney, w'hi(dj gives a section area 
to each man equal to about 6 square inches. The total outlet ojiening is there- 
fore from 16 to 18 square inches, acjcording to circumstances. 

Inleti . — The amount of inlet is directed to l>e 1 square inch for every 60 
cubic fcict of room space - 10 square inches for c?ach man. ^\^lefever possible, 
about half of the inlet air is to pass through a tube leading from the open air 
to an air-chamber behind the fire to be wanned (artsa of tube 6 square inches 
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per head), and the other half is to come direct from the outer air into the rooms 
through Sheringham valves. Area of outer opening -5 square inches per 
head. 

In hospitals at home, as each man haa^ 1200 cubic feet of space, the inlet 
and outlets would be nearly doubled. 

The cold air inlets (Sheringham valves) are placed at the sides near the 
ceiling, and are not to be opposite each 
other. Fig. 70 shows an usual arrangement. 

The outlet space is thus seen to be rather 
larger than the inlet, but as tlie doors and 
windows seldom fit close, it is probable tliai 
practically tliis is of little consequence. 

Tlie movement of air through these opcii- 
ings is tolerably n^gular — as regular as it e*vor 
can be in natural ventilation. Tin* discharge 
of air througli the chimney and outlet sliaft 
averages about 1200 cubic! feet per lujatl per 
hour, with a range fwmi 700 to 1500 or 1000, 
according b) the amount of fire, the warmth 
of the room, and the movement of the 
exti|pnal air. The ventilation of barracks Fig. 7u. 

has ix^en wonderfully imj^rov(*(l by this plan. 

Ahlntion Jiooitiit . — Fornuirly the m(*iiiis for wiishing were of a very rude 
kind, but now in the now barracks r(*gular basins with clean water and dis- 
charge dirty water-pip(\s are provided close to every room, in the proportion 
of one basin to four men. The basins are of slate or iron. "Wooden giutings 
are provided for the men to stand on, and one peg to hang clotlies is provided 
for (*ach basin. In sevonil castes basins on the iloor have been provided for feet- 
washing, and in some instances there are also baths for eacli regiment. The 
Barrack Inif)rQvement C’ommi8.sioners recommend one bath to ever}- 100 men. 
It is inulerstood to bo the desire of the Government to provide plunge-baths 
wdierever ijracticable, and this would not only aid cleanliness, but might be 
miwle the means of teaching tlui men swimuiing, as suggested by MrM‘Laren. 

If water is sciirce, the. most economical kind of bath is a shower-bath so 
arranged as to permit 80 to 100 men to liave a bath at once; the expen- 
diture of water is not above 6 to 8 gallons per head. 

Inspection.s for cleanliness are made in many regiments. They should be 
systematically carried on under the direction of good non-commissioned 
ofiicers ; but if means are proviiled, sohliers will generally be cleimly. 

Kifchem , — The Barrac-k Imjjrovemont rominissioners have paid great at- 
tention to the apparatus for cooking, and have described and figured various 
plans in their llejHjrt. The great object is to cook thoroughly w ith a small 
expenditure of coal.* The plans recommended by the Commissioners are — 

For Large Bodies of Men . — Triple boilers, the centre boiler being for hot 
water and steaming potatoes, the two side^ Wing for cooking. The fire is 
single, Wneath the central boiler, and with good lines round all the boilers, 
which are set in good fire-brick lumps. The expenditure for 100 men per day 
is 3 lib of coal, or 5 ounces per head. , llie oven is separate, and is heated by 
a single fire set in fire-brick, and with a fire-clay tile separating it from the 
bottom of the oven ; the heat from the lire passes up one side, over the top, 
and then round under the bottom of the oven, between it and the fire-clay 



♦ Count Rtttnford's standard of fuel was ^^Vth part the weight of the fowl.- Ikorack Jiepttrtf 
p.49, 

B 
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tile. Holes ai-e left in the hre^lumpB which admit ah to the flame as it leaves 
tlie fuel, so as to cause perfect consumption. The oven itself is 4 feet by 2 
feet 3 inches, and will roast or bake for 500 men at a consumption of' fths of 
an ounce per man daily.* 

Fm' DetarJmmh of ^0 to 100 Mtm , — One side boiler is replaced by an 
oven; the central boiler and potato steamer is retained. I'liere is only a 
single fire. 

(.aptain Grant’s cooking apparatus has been in use at Aldt*i*shot for somt* 
years. Two brick conduits, enclosing boilers, run tt)wards a central chimney, 
'fhe tires are lighted at the fn;e ends of these conduits, and the smoke and 
heat passes around Urn l)oih?r8 towards the chimney. The arrangement in 
simple and convenient, hut not so ecoiiomiital as the? plans already meuti<^ntHl ; 
and the heat is uiietiwally sup}»lied to the boilers (Barmck Report, p. 50), 

Messrs* Benham have also propt)sed ranges, some of which an* very eflective, 
and economical of fuel. (,)ne of tJiese is in the Marine Hospital at Woolwich, 
and a model is in the Museum of the Anny Medical Sch(Kd. The expend! 
ture of coal for 500 men is 2()01l> per diem. 

Tlie plans recommended by the Gommisioners will come gnidiially into use, 
and at present no blotter amiiigemtmts can lu* suggt;st<‘d. I'he opinion of the 
medical officer will therefore seld(»m be asked on tlie tjuestion of construction, 
at any rate on home sendee. He may, how(*v(ir, be r(*f(MTt*d in on the 
tion of consumption of fuel, and then he can take as tlie standanl for an 
ordinary good aj>paratus ift) of fuel ]»er man jh*!* diem. 

More often, liowever, he will have to e.xamine the cooking, to whi<'h nTer 
ence is made under the different sections in the chapter on Food, The chief 
j)oint8 to which attention should Ik* f»aid, are the teiujsmitim% the mpidity of 
its application, and the ventilation of roasliiig ovens. Faidty cooking will 
generally be found to Ik* owing to one or other of these comlitiiuis, 

F<miierly the regimental (.Hw>king establish rneiii wiw Inidly armnged ; imm 
cooked by turns, and for short jK^riocis oidy. Now, tMs>ks are regularly 
trained at Aldershot. 

The other pails <»f a barrack — olHeers’ 4Uiirlers ; laundiy (in 8r>mc 

cases); workshojm for tailor, shoemaker, ainl armourer; ordt‘rly-room ; guartl 
room ; cells ; reii<ling-roum (in some rases) ; (duijK*! and school, wliich an? 
often in one; magazine; l)arKi<;k-ma«ters’ and quarter-masters' st<ir(*s for 
regimental [mr|KKS(iS, bread, and inmt. 

It is not neeessiiry to n*fer to all of the^sc*. 

Gttard-rttimt , — The guanl-nnuu for a regiment of lOBO strong has a ei/c 
alK>ut 24 feet by 18 ; two rooms ojM*ii into it, one a l(»ck up for prisoners, the 
other a room where prisom,‘rs an* placed who are not put in the U)ck up. In 
many barracks, however, the lock-up i« placed near the cells. Tlu? guard 
room is ventilated like the other nKUua, with Sheringham valves, sliafta, Aic. 
M^Kiunoirs ventilator is well adapted for it. It slmiild Ik? titU?d with a 
drying cloaot by the side of the fire, to dry’ ihi* men's clothes wlien they come 
in wet off scritiy. 

Cells, — The cidls arc ranged on one or IkiUi sidw of a corridor. They are 
10 feet long, 6| feet wide, and 0 high ( ■ 6(»5 cubic fetd), with one window, 
2 fi^t 6 inchea wide by 1 ffKut 3 inches high, placf^l at tlie top of the wall, 
and guarded by iron bars. A movea!)le iron HhutUjr is sometimes mided for 
security, and to make the cell a dark one if iieexhMl, Fresh air is admitb^ 
through a grating, ojiening from the corridor, which is warmed. The air enters 
IkjIow, or in some cases alK>ve ; but the former arrangement is the Imst A 

* There i«, of course, a grisst difference between tlie atnount of fuel which is suftlelent for 
cocdcliig in skilful haiKlx, end the ftTUount which can be wasted by a bwl cook. 
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foul air shaft inuis from tlie top of the room. Two cells are provided for 
(tvory 100 meiL A medical officer inB])ects tlie cells every day. 

LatrmpJi and Urinals, — Formerly, urine tubs were brought into barrack- 
rooms every night ; and, indeed, this is still done in some barracks. Tie* 
tubs are charred inside, are em])tierl eveiy morning, and filled with water 
during the day. In all new barracks urinals arfj introduced; the pattern is 
one devised by Captain Gallon, RE., and is similar Ui some railway urinals. 
It is only used at night, when water rises into it from a pijxj below at a 
gra<luat(*d rate, and dilutes the urine, which flows out coiitinualJy by an 
overflow-pipe. 

In the new barracks the urinal is placed at the end of the passage beyond 
the ablution room. It is found by th<? men that this is inconvenient ; the 
passfige is often wtd and cold. If the urinal is full of water it sjdashes ; it 
might well to put tht^ overflow-] >ijH‘ a litth? lower dowui. In some harnieks 
it is not umlerstood that the waUir should be allowe<l to enter during the 
whole night, so as at (»nce to diluhi the urine, and to Ix> continually passing 
off' by the overflow* pijM!. It has been itMomniiUKled to j)ut a small pipe ainl 
st-opcock a few in(dH,*H alwve th%nriiial, so that the men may cUjanse them 
aedves, and in this ^vay ])ossibly lessen the chances of syphilitic infection. 

(^^ss])its are now discontinued in most barracks, and watt*r latrines are used. 

title latrines are ])lace<l at some litthi di.stiiiiee from the rooms, and are 
usually connected with tlu^rii by a covered way ; in alim>st all barracks they 
are denning’s or IVImdarlane s j>atents. Ihese an* metal or earthenware 
troughs, \vhieh are ono-third full of water. 1 Vice a day a trap-door is lifted, 
tlie latrine is flushed, and the soil flows into a w^wer or tank at a dishince. 
An hydrant is now frequ(‘ntly placed close to the latrine ; an india rubber 
I»i]>e c^iu Ikj connected with it, ami the swits and floor of the latrine are 
thoroughly washed in tliis w^iy twdee <laily. Ihobably it would be difficult 
to suggest anything better than this, although soldiers can Ix^ taught to use 
water-closets like other }x*ople and do not damage, tluun. If w ater-closets an* 
used, a jdan suggested by jMr Williams, C.E., clerk of tlie w orks at Gravesend, 
seems a very good one. It is to bavt* the water-closets at the top of a two- 
storied building, to the central ]»art of wdiich they form a small third sto^ 3 ^ 
In this W'ay the following advantages are secured : — \dciiiity to the men — 
under the same roof, yet with jierfect ventilation ; impossibility of effluvia 
passing down ; })roximity to tlie cistern ; and a go(xl fall. At present, liow’- 
ever, it seems l)ett<*r to keej) to the w*ater latrines outside the barracks. 

With regard to the. disjKisid (d' the sewage, see cha\)ku* on 8 f.w*brage. 

Cavalry 

In many cases the men’s rooms are placed m ar the stables, and there has 
been much distaission as to wdiether this arrangement is a go(xl one. On the 
one liand, tlie men get mor«> room, as the hoi*ses cannot be crow^ded, and they 
are near their horsOvS. On the other haml, tliere is stnmg evidence that the 
effluvia frtrni the stiiblea pass into the men’s rooms overhead ;* and although 
r hav(' betm able to find no statistical proof tlnit tliis has jiroduced sickness 
among the men, w^e may mri’ely a priori conclude that it is ohjectionablo. The 
evidence of mews in London is fiot in jwint, as th(\y are often close, ill- 
veiitilakd courts, indepjendent of the stables in them, llesides, this evidence 
is as yet miher coninidictory. 

The question has, however, betm solved by a late Keport on the Ventilation 

♦ e«|K?f!mUy the evidence of Mr Wilkinson, Prindpel Veterinary SurKeon to the Amiy ; 
Report of Barrack Committee (1855), p. 1^, miestion 2262; also, the Report on the V'entila 
tion o( Cavalry StableB (18^). 
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ot* CaTalry Stables (1863),^ by the Barrack Improvement Commissioners, who 
have shown that the ventilation and lighting of stables can only be satisfac- 
torily carried out in one-storied buildings, and who, thei*efore, recommend 
that the men’s rooms shall not be placed over stables. 

Stables, — ^The medical officer has no duties connected with sta}>las, except 
to sec that they are in no way injurious to the health of the men ; but it may 
be well to give the miggestion lately made by the Barrack Improvement Com- 
missioners. 

In all the old stable^s, if it is not alrea<ly done, ventilating sluifts are to be 
earned up, air bricks introduced, and more window space to be given, 

Wlienevcr stables are to be i)uilt in future, it is recommended that tlie 
building should he one-storied ; that the breadth should be 33 feet ; the 
height of the side walls to the spring, 12 ; and of the iwf, BJ feet more. 
The breadth of each stell is to be 51 fe<*t, and then* are oiily two rows of 
horses in each stable. Ivioh horse is to have 100 snj)erlicial fwit, and 1605 
euhic feet ; the ventilation is by the roof, and is fornnHl by a louvrt* 10 inches 
wide, earned from end to end, ainl giving 4 squan* feet of ventilating outlet 
for each horse. A coui-se of air bricks is eaijpied round at tin* eaves, giving 1 
square foot of inlet to each horse ; an air brick is introduced about (5 inches 
from the ground in ev<*ry two stalls. Tliert* is a swing window for every 
stall, and 8j)aces an* hTi below the doors. In this way, an<l by attentici^^ to 
surface drainage and roof lighting, it is imticipated that staldes will become 
perft^ctly healthv. 

Otnses nf VnhealihivPM of Ihirnirks, 

These nre for the most part obvious t*notigh, and the nature of tlio i)revalent 
sickness (malarious disea'it*, typhoid fever, lung affect io!i, ophthaliuia, Ac.) 
w’ill often give a clue to tlie det(*eti(»n of 4ho evil. Site, laiilding, air, and 
W'ater have, all to lie carefully examined. 'Jlie cliief causes are — 

1. />/e/7/Vc Site, viz., giving rise to malaria or tiamp; or impregnated with 
excreta or old organic remains ; or placed in a position which shelters it tex) 
much from the wind, or which, on the otlier haxnl, exposes it to too c'old or 
unhailthy winds, Arc, (see ( ‘hoice f>f Site). 

2. Bad Arrayigenwnf of Buildings^ if then^ are more than oxxe, 

ol)struciing light ; impeding movement of air, Ac. 

3. Bad Armngemmt of the J*arfs of the Btit!ding,‘^ln\j)i*d[n^ access of 
sunlight and air ; detaining air, or allowing tite vitiated air from one part of 
the building to j«is8 into another. 

4. llh<n*ranged allowing damp to rise, or confining masses of 

damp and sfimi-stigimnt and .septic air, which gradually rise into tlie rtsims 
above ; or which, from the existence of ce.ssp)ols, accumulations of filth, ill- 
arranged sewers, allow conlaininated air to entiu* or collect. Ilamimess of 
Ixasemenis and walls, from Imd materials (porous st.<»ne or brick), or from want 
of impermeable courses to hinder damp from rising. 

5. Imperfect Administration and ComtfTva nr g — viz., oven^rowding ; neglect 
of proper means of ventilation ; want of cleanliness ; foul walls, floors, and 
Ix^dding ; short supply of water ; Ixad water ; retention of excreta in rooms or 
under the houses, and bad condition of sewage genenilly ; pmximity of arfi- 
pits or refuse heaps to rooms, causing contamination to the air, Ac. 

Beporii on Barrarht. 

The Kegulations (p. 107) order the form in which reports on bormcks shall 

• Iteport of arid Hoipitiil Improvemimt CJornmlntlon, niimed hy ffir Hiohard Airiiy, 

Captain OaHon, I>r Hutberlaad, iUr and Captain '* ‘ * 
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be sent in. The arrangement should be strictly followed; it comprehends 
site, construction, external ventilation, internal ventilation, basements, and 
administration. It is then certain that no point will be overlooked ; and, if 
nothing can be made out after going thoroughly through all the headings, it 
may be concluded that the ciiuse of the sickness must be sought elsewhere. 
The site and basement should be especially looked at ; every cellar should be 
entered, and the drainage thoroughly investigated. Little can be learned by 
merely walking through a ban*ack-room, which is nearly sure to look clean, 
and may present nothing o]>viously wrong. With respect to ventilation, the 
statements of soldiers can stilduin be tnishnl ; they are accustomed to vitiated 
air, and do not perceive its odour. The proper time to examine the air of a 
room is about 12 to 3 a.m., and the medical ollicer should; accordingly, visit 
barrack-rooms between midnight and 3 a.m. every now and then. The cis- 
terns sliould be regularly inspected. 

The walls and floors of the i-oonis should be carefully looked to. Walls are 
poi'oiis; and often become impregnated vritli organic matter. If there is any 
suspicion of this, they sliould Ix^ .scraped and then well wrished with quick- 
lime, The mediail oflicer sliould see that the lime is really caustic ; chalk 
and water does little good, (^llections of dirt Ibrm under the floors some- 
times, and a b(»ard inigiit be taken up to sec if tliis is tin* case. 


Sub-Section II. — Barracks in Forts and (Ttadels. 

In fortilied places it is, of course, often mipossible to follow the exanqdes 
of good barrack.s just given. Citadels may have little ground sjuice ; huild- 
iugs must be compressed, guarded from shot, made with thick and bomb 
proof w'alls, wdth flwv openings. Buildings are sometimes underground. 
Drainage is often dillicult or impossible ; and if to all tlicse -causes of con- 
tamination of air we add a deticiency of water, which is common enough, it 
.will not surju’ise us that the sickne,ss ami moilality of furt.s, in even healthy 
localities, ai-e greater than should be the ease. Both at Malta and (.iibi*altar 
there has h»r year.s Ixx'ii too largt^ a mortalit}' from tyidioid fever, and fi*oin the 
destructive lung diseast*, which apiK-urs in the returns as i)hthisia. 

ilow' these ditiiciillies are to Ik* met is (»ne of the most diilicult jiroblcins 
the military engineer Inis befoix* him. II ow', witlunit w eakening his defences, 
he is to get light alfd air int<» building.s, ami an (dhcieiit sewemge, w’ould 
test tlu? ingenuity of a Brunei. It is ]H»ssible that the best jdaii would be by 
the einploymeut of ihiitk moveable inm doors ami sluitters. In time of peace, 
these might Ik? oj>en ; in lime of w’ar, eiisily replaced. But, in addition, 
means of ventilation must be provid<*d when sucli defences close the usual 
openings ; tubes must be <'arrit*d up, and, if necessfirily winding, an enlarged 
area might, perhaps, eom]>ensate for this. 

It must Ih? siiid, also, that it is tpiite cerUin that in our fortified places many 
of tlie arrangemeuta are much worse than tin y need be, and that the sanitary 
rules deducible from homo exj>erience shouhl be applied in every case when 
the defensive pro[)eilies arc not interf<?rcd w ith. 

8ub-Skction hi. — Barrac ks in Hot ( limatks,^ 

Tlio Indian Sanitary^ CommiHsion have lately reconuiiended that each man 

* Tlie Barmck and Hospital Ittji>rovf*iiu*nt Coiuinission, roiiftisting of Rir Kiclmrd Airey, 
Ciiptaiii Oaltoi), K.E., Dr Rutljerlaiicl, l>r Captain lielfielti, wjtli c;oUmel Sir ^by 

f^autky. Sir Kan«M Marttn. am! Mr Rnwlinson added for Indian Sanitury Works, have drawn 
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in barracks shall have from 80 to 100 suiH^rlicial feet, aiul from 1000 to 
1500 cubic feet. 

The older barmcks in both the East and West Indies were ofUm merely 
copies of the English barrack square. In some cases, also, the exigencies of 
defence led to a cramped and irregular plan, and owing to the little attention 
which was paid either to the hcidth or comfort of the soldier, overcrowding 
and deticient ventilation were as (jouimon in the tropics as at liomc. For 
sc^veral years thert» has heou a gradual impn>vemcnt, and in India especially 
vast and extensive palaces have lK*cn rearnl in many stations, which testify at 
any rate to the anxiety of tlie (lovemment house their soldiei*s properly. 

It will bo dosimble to ivf(»r hero chielly to the Indian iKUracks, hut the 
same princijiles apply to all hot countries. 

I shall not refer to^tlie old bari-acks, hut to the later ajul the pivseiit 
jwitterns. 

1. As a tyjKJ of the later Imrracks tlic Dalhousie barracks in Fort William 
may be cited. They are a magniticeiit pile of tliiot* tloors ; each door con- 
Uiins thixie long jvirallel ro<»ni.s o|Kjning into each other, an<l with veramkihs 
(»n the side ; each r<X)m is al)out 1 9 f(3et wddt^ and contains t wo rows of Iwids. 
The whole flcKir Ls, in diet, one large r*.Mun lo^itiulinally divided, c<mtain8 six 
rows of beds, and bolds 3(H) men, who have a large* sui)erljcial and cubic 
space. The brt^adth of thcvso three parallel nK)ms and verandahs is m|»re 
than 64 ft*et. 

Wo must not criticise this airaugemont without ivmcmlHTing the coiulitions 
under which the architect wurketl. Ih* luul a confined .space at his dis 
posal, and a large number of men to accommodate. It is siiid that so name 
mils arC 3 the oiH?niugs, and so .stnmg tlie < urrent of air, that the air is never 
otherwise than pure, and that at limes the men t‘ven sutler from too strong 
eurrents. The plan is wuM to answ'(»r. IVrhaps, then, nothing ought to bt* 
said against it, yet I canimt think this arrangement right in princi]>le, sup^Kis- 
ing that space coui«l be olHaineil, It is a great compression of tlie j»opulu 
tioii into narrow limits, 

2. Another variety of barracks was jdanncfl by Sir (diaries Najiier, and 
erected at Mean Mt-er. In onler b) prevent risk id* over* ro wiling, great height 
was given to the liarraek.s, — as mueh as 35 feel, with a bremlth of only 2n. 
1lic men’s cots wer* placed idmost close together, and though l ubic sjiacc was 
secimjil (2232 cubic feet), supeHieial s]»a<a* w*as sju rihi*^. These bamu ks 
have lieen ravaged by cholera, and, no iloubt, the constnietion is faulty, but it 
must Ik? ruuemls^red that the proximity of largi* cesspisils would under any 
circumstances have remlered tho.se barracks unhealthy. 

3. In 1857 and 1858 the llengal (iovenimi*nt onlereil standard plans to 
be prejiare<l for barracks, hospiuils, latrinea, Ac., and sevenil I»arnM:ks have 
bffcm built according to thesi' plans. 

IVo kind.s of Iwimick.s wen3 ordered. 

(r/.) Jktrmck for a conqmny of infantry on one floor, 

lliere is a centml hall ami two verandahs, inner and outer. The dimensions 
are given in the plan. Two lines of cots occupy the hall, and one line an 
inner veralnlah, the other inner veramlah is us*mI as a day room. fcJmall 
rooms at the end accfUJiimsJab'i serpjiints, nwling ami water imuiia. The 
floors am numerous, and are op|Kisit43 emdi other, ho that there is a chior 
draught through. Ventilators am also let intfi the r(M)f, The roof of the 

ft OfjK>n, ** Suggwiitioiw it) rtgnrtl U> fiftiiiUry Work* rcquiml for imnroviiuf Ituliftn 

Statiofwi/' which will liscome Ihft oflidal guide to such works in Indk, Thin chapter was 
* “-‘‘ n l^efnre these rtmebod loe, hat I li«ve incoi^K^rftifwl hh nuny of their < 

lui.. ^ fUrongly recommend the rrpoci itwlf to every meiliciiJ officer. 



BAKUACKS IN HOT CLIMATEK. 


279 



l-t: 

life sJa 


:• 1^: 'Jn *1 

• .i 

i» l=P’;inj • 


gSi 

s 


it 



• f • 

* 

[T. . 



ii 


;iS- 




‘■;>i 





3 


central hall is a gable ; the roofs of tlic verandahs are Hat ; all are double. 
'Die bariucks are raised about 3 feet from the ground. 

In this cionsinietion the day rooms and sleejiing rooms are really in om; ; 
the a< I vantage of separate 
ventilation is lost, tlidiigh 
the winie exp<^nse would 
have given entirely distinct 
rooms ; the building is too 
l>road, and there arc threa*. 
rows of IhmIs. < )n the otht*r ||(i^ 
haml, there is a good sujs r- 
ficial and taibic space. In 
Horiie r.ii«es barracks on the 
same jirinciple have been 
niade with a single veian- 
<iah, as at Kurnicliee.* 

(h.) 'Die si^cond stand- 
ar<l lUmj-iil i>liiii, is for a |||| 
double-stori(‘<l barrack, with 
half a coii)j>any on each 
door; the ciiiisl ruction 
otherwise being j)recisely 
the same. 

•1. Anotherdeseription of 
harraek has been recently 
iTCcled at some .stations. .IT. t M'‘ 

'Die barrack is twiKstoritMl. 
and surrmnded by a ver 
andah ; tin* lower stmy is 
the day, the u[>per the 
shs'ping, iHKun. There are 
only tw<» rows of Isvls. 

If, in addition to this, this 
barmek is raised from tlu* 
ground ; and if it is made 
small<*r, so ;is to Indd only 
half a eonijuuiy (as at some 
stations), it would seem tlif 
tieult to devise abettiT }»lan. 

5, Ou(‘ or two of the old 
barracks in ♦India have 

* Kig. 7L- Bengal Sto.i.Ur.i i 

Plan for a c<mi|m»y of Kuru* it Is remarkabh' that thest‘ 

an' barracks of the most 


/ •H 

; '3 i rt: y J a}ji; 


Fig. 72. 

Bengal .Stmnlanl Plan. 


|H'afi infantry on one tloor. 

simple kiml. In ailiy usidul hook, on Die means of preserving the health of 
tlie Kuroiiean soldier in India, Dr Mouat, tlie lns}>ector-C tenoral of jails in 


• A very gtxnl Heacription of tUe iivw barracks at Kurrachts* i« given by Br Inglis (64th 
llpgiment) in th« Army Mailical iivjxirt for 1861. I'lu* I>aiTaek-rooms are Uiii in numWr, 120 
f««t apart, and placed liroadaide tt> the wind ; earl» room is 278 feet long (liesidea eml rooma 
for aeneiintHi, 24 wide, and 22 high ; giving at least 1467 cubic feet per nuin ; there are ^ dooi*K, 
cat'll feet high, with a smaU window above ; a verandali 114 feet wide nma round the whole 
building ; there ai\^ six large aide veiitilatom in the roof, which is formed of wood covered with 
tilea. Ur Ingli.'i would have preferred continuous ventilators along the whole course of the 
roof, and, no douVd. this view is jierfectly correct. liatrines, urinaries. and rnokhouses aiv at 
distances in rear and to leewaVd. 
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Bengal, remarks that, in hie wide experience, the healtliiest barracks he ever 
saw were rows of common M'ooden sheds, in Moulmain, in Tenaaserini. 
Having been quartered for two years at this station, I can fully confinn the 
statement of the healthiness of those barracks. Tlioy were merely ten long 
wooden sheds, one for a company, very roughly put together, and raised from 
the gix)und from 2 to 6 feet, and surrounded by a small verandah. The roof 
was slanting, and was covered merely with the tliin leaf of the Mpa jMilm. 
Through the innumerable crevices in the avails, and through the thin roof, air 
passed with such facility, that ventilation was more perfect tlian in any build- 
ing I have ever seen. 

To the eye of a man fresh from India, they might have appeared hardly fit 
for habitation, and to be scarcely at all shelten‘d from the sun ; but they 
really {>ossessed every condition of luMilth, In the baml )00 houses, so com- 
mon in Burmah, ventilation goes on with great facility ; the wind blows 
through them, but so cheeked and divided into currents by the interu'oveii 
bamljoo, as to l)e almost iinperceptible. 

It has betm pnipused to adopt a dilferent style of building altogether, and 
to copy some of the sub tropical nations, who build their towns with narrow 
streets ; and so arrange their houses as to have as much shade us possible. 
Hut this imjxides ventilation ; and the same result is obtaiiu’d by obst‘rving 
the rule of never allowing the sun^s rays to fall on the main wall of a house. 

The urinals, latrines (see Sewace). and cookhouses are now always j»lHce<l as 
outhouses, at some short distance, and connected by covered ways. 

There is no doubt of the excel lenee of some of these jdans ; but improve- 
ments can unquestionably be made, and various suggestions will be found in 
the Indian Sanitary Kejort, which J have here emi>odied. 

L of Hamcs. — If ther(‘ art* no .stroim military rea.son« to tlie contrary, it 

seems certain that it is ovtui mun* iinjH>rtanl in india than in England to 
spread the men over ilie widest availalde an.*a, and not to phiee more tlian 
fifty men in a single block, and twenty-five men in a singk‘ rtKun, There has 
been an objectirui raised, that small detached houses on the hot plains of 
India, not having any large sjmce in 8ha<l<jw. g(‘t everywhere heated by the 
sun’s rays, and Isjcoine very hot. The objection is theoit*ti<"al ; it is the 
iminens*.^ blocks of ma>s^mry usuhI in the construction of large buildings, which 
are to \}^ avoided as much as possible, since, when once heated, tliey lake 
hours to cool. 

2. Arratif/cnirnf of Iloiiscif, — Broadside on to the j»revalent w'ind, and dis- 
position en echehn, as now* aduj)U*d in Imlia, is obvioasly the pnqurr plan. 
Ilie only exception will be w’hen there are marsh or gully w inds to l>e avoidcnl, 
and then the hous<*s should l>e placed^end on to the deleterious wdnd ; and no 
windows should open on that side. But it is stddoin such a site would b# 
selected or kept. 

3. Btemlih of llouim , — As in iingland, it is to have only twHj 

rows of beds in eiwh house, and to keep the houm^s unW 30 feet in width, 
so as to permit effective perflation. A single verandah is as good as a double 
one in keeping off the direct rays of the sun from the walls of the bouse, <uid 
two verandahs (one inner, and one outor) adil io the bniwulUi to la? ventilated. 
The width of the verandahs must lai 10 to 12 ; and on tlie southern and 

wesUjm sides W’ooden jalousies may have to h> placed, so as to <iccttpy 3 or 4 
feet at the uppc?r part of the verandah. 

Verandahs should be ventilated ; and if then? are two stories, the roof of 
the upper vemndali should be double. 
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Materials of Building, 

On ibis point there is little choice, for the risk of fire renders the use of 
wood undesirable for walls and roof. And yet, j!i)art from this risk, loosely 
joined wood, or frames of bamboo, have the great advantage of allowing air to 
pass through the walls. Brick or stone has therefore to be used. In India, 
sun-dried brick {Icutcha)^ covered with cem(‘nt, or faced with burnt brick, is 
often UHtul ; and the remains of Babylon or Nineveh show how irax>erishable 
a material this is if i)roperly protficted. It is said^to be a cooler material than 
burnt brick (pucka), but it absorl>s a great deal of moisture. 

Iron barracks were sent out from England during the mutiny, but were said 
to be hot, and were not liked ; but iron frames have been usefully em- 
ployed, the intervals l^ing filled uji with unburnt brir;ks. There is, however, 
a very g^uieral feeling against uiibumt brick, on account of the moisture it. 
absorbs and retains. 


( ^onstrucilon (f the Butldiug, 

The three points to be aimed at are : avoiding the malaria and dampness of 
the ground, should there be any risk of this; ensuring coolness; providing 
ventilation. 

(a.) Km}dvyment of Ojytot Arcltes for tfo' Baremcnf , — The extraordinary 
diminution in the li-^k of malaria by «‘l(?vaiing the building only a few feet 
above the. ground, and allowing a fn‘e current of air iimhu’ the house, is illus- 
tratcMl in various parts of the world : ahuig tlje baiiks of tin* Lower l)anube, 
in tin* jdaius of Burmah and Siam, Ac. But another grt'at benefit is ob- 
tained : dryness and freedom fixuu pent-up, stagnant, and often septic masses 
of air is insured, so that, even when the .soil is not distinctly malarious, 
buildings should Im* raised. In a malariou.s country, the lieiglit above the 
ground of the gi‘ound-thM)r slmuhl be 8 or 10 feet; in non-inalarious dis- 
tricts 3 or 4 feet are siifhcient, but it should always be high enough to be 
cleaned easily. 

If high enough, tViCASO open si^ices affoivl excellent places for exercise during 
the heat of the sun. 

(k) — \"ery thick brick walls do not add to coolness (Chevers), but 

being thoroughly heaU?d during the <lay, give out lieat all night. The direct 
rays of tbe sun should not be allowed t<» fall oji any ]»art of the main wall. 
This will found one of tlie most important rules for insuring coolness. 
Double main walls, with a wide space lH,‘twi‘eu, and free o|K.‘nings above 
and below, so as lo admit a (‘onstant movement ^f air between, is the 
c<.K)le«t plan kmnvu. Considering the excellent veiililatiou which goes on 
in ImndkX) and woollen houses, it may 1 m‘ a (juestion whether, in the warm 
parts oT India, the walls might not be made as far as possible permeable ; 
at any rate, above tl^ heads of the men. Whitening the outside walls 
rt^ects the heat, but i« diuzling lo the eyea ; almost as good ndltK'tion, and 
much less da3!7.ling, is obtained by using a slight amount of yellow or light 
blue colour in the ctmient or iiine-wash.. 

(r.) Floors , — Tlie imilerials at i^rrsiua used aiv flag.stones (in Bengal), 
slato (in some Karracks in the Punjaub), gm*nstone (in some Matims bar- 
racks), tiles, bricks placnl on end and cuvi*red witli conen^te, pounded 
brick and lime WUm into a solid eoncreU* and plasi^^rod with lime, broken 
nodulated limestone or kunkur (in plar^*s where* the massevs of kunkur an* 
found, al in Ik*ngal), asphalte, pitch, ami sand, w^xkI (Chevers). Of these 
materials, the asphalie gt*ts soft ami is objt»ctionable ; the 
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and kiuikur wwir into holes, produ(*.o dust, mid have lieen euj)ix)fied to 
cause ophthalmia ((^hevers) ; wood is liable to attacks of white aiits, <fcc. 

On the wliole, it would swm that gotnl wood (if theiH^ lie a space liclow the 
IxnTiKiks) with brick siqiports is the best, and alW this tiles, 

(#/.) Roofs, — Doublo-roofs are now usually employeii, and are made slants 
ing and not terraced. The terniCHHl roots, if made single (/. c., wdth battens 
on the joists covered with kunkur), conduct heat too freely ; but if made 
double, wdth a good current of air, there is an ailvantage in giving a |>ro- 
menade to the men, and also, at some ]iarts ot the year, the roof may be 
most otlvantagoously used as a sleeping ]>la(!e. 

The sloping roofs are Ix'tter adajited for ventilation. The coolest roof is 
made of thatch, covertnl witli tiles ; it would b(‘ colder still if the thatch 
were outside ; but thatch is dangerous on ai eount of lire, and hiirlxiurs 
venuin and inswts. If th(‘re is a good spac** lK>tween the two roofs (2 feet), 
and if th(*n^ are sutlicient openings to permit a good current of air, jtkt 
haps tw<i tib‘ roofs would Iw a.^ e«K»l as any. 

It has bwn suggi*sted by Julius JelTrit*s to leive the outt r roof made of Ji 
pilished metal (tin), to ivlleei tin* heat. In ( anada tin is usimI. In the 
Crimean War the roofs of lieiikioi llospiUd on the ]>ardanelles w« iv eoverf*d 
with poli.shed tin ; it was found, Imwever, sfunewhat dillieult to place it so as 
to exclude min, and the surface soon iMvaim* tarnislied. Ihe tliennometric 
exjH*riments did re 4 show a greater b'sseiiing of lu^at than 3' Fahr, below 
houses not tin eoaUMl. 

{*\) tnof W/f^hors . — 'fliese are now always made v»tv numerous, and 

opiKisite each other, so as to p^Tiiiit p»*ilr( t jH*rllation. Tlic otticinl ** Sugges 
tions’* order one window ffu- <*very two IksIs. Five doors aiv reeommeinbwl 
for each room of twenty- live men ; ami N<»rinaii ( ‘hcvem gives u giHid nile ; 
A light ]»Iaeed in lire <*entie at night should Ik* seen on all shies. Fpia-r as 
well {IS iow<T windows - a ( leri storv, in fact — juv useful ; the lower windows 
should then ojxui to the ground. In most of the stations in northern India 
the windovcs mtrst he gla/.ed. 

'fhe eommitnH* appointed to carry out the suggestions i>f the Indian 
.Sanitary < ’onimivssiou have nr^ cimmmnled that em h wimlow should consist of 
two [larts, the ripjHT portion, alKuii 2 feet in depth, Iwung hinged on its low'cr 
edge to fall inwanls, so as to rlirctiJ the cunvnts of jiir lowanis ih© ceiling of 
the room. 


Vt ttflitfdan of Borrorlat, 

If luimuiks are not viijehi bio hroml, and tm> projierly plafT<ii, the sttme prin 
eiplf.‘.s of ventilation may Is^ ap[>lied to them as to liamwks at liojue. lire 
|*t*rflation of the wind should Isi obtaimsi ns Ibttdy as [K>tw<ible. lire numerous 
doors and windows, however, render it unmHxsssriry to provirio sjSHuaT inieU ; 
outlets should, iis at home, Ixj at tlie top of the room, cither along the ridge, 
ot if of shafts, they should Ih‘ (yjrrio^l up «<#me distance ; if they am rnmie of 
maa^>nTy, and jsuiiUmI black, the. sun’s mys will catisf? a gotsl iiji-current 'rhe 
ama of the shafts is ordererl (#SV/f/i//vr//ow^, p. 22) to Iw? 1 srfuam inch Uf 
every 13 or 20 cubic feet, with louvrcvS ulsive. and inverttsl louvres !jalow% 
In the lower nKwns these sliafts an* to Is) built in the w^alls ; in the npjier 
rooms to lie in the centre. 

In many piirta of India, however, at particular times of the ymtf the air 
is Isith hot and stagnant ; in such stations aitiiicial ventilation must he 
employed, and the forcing in of air offers gniuter arivantages than the methcxl 
by n^spiration. ITie wliecd of l)esagiiliers was intrmluc^ ijilr> India many 
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yt3ar» ago by Dr liaukinC) and under the name of “ Tlienuantidote” is fre- 
quently used in private houses and hospitids. Wheels may l)e used of a 
larger kind, and driven by horses or bullocks, or stetini or water-power. 
The grtiat advantage is that the air can l>e taken tlirough a tunnel, and cooled 
either by the cooler earth or by evaporation Dooling of Air). 

An Arnott’s pump, nwule, as Large as a man am c^isily work, will be found 
to 1)0 tdieajx^r, ami as good as the therm an tit lote. 

'File common punkali is a ventilator, as it displaces masses of air ; the 
waves pass far Vyoml the building, and are rtqdact^d by fresh waves entering 
in. An improved punkah, worketl hy horse or bullock, and supplied with 
water for evaj)orati<m, was devdstnl by the late JMr MtM)rsom of the 52(1 
Kcgiment ; it is described and hgiir<*d in tint Ihiport of the Indian Sanitary 
( ’ommission, and would WMiiii likely to 1 k^ a very iist ful modilicatiou of the, 
common punkah. 

Vt*ntilation in most j)ai'tH of India must he comhined with plans for cooling, 
and (tften moistening the air, 

of A/V. - Wlien lie* air is 4lrv, when the relative humidity is 
luw% Iht-re is no di(h(Milty in cooling llie air to almost any exituit. If the air 
1 k‘, moving, this is still easier. J ht* t'vapomtion <*f water is the great cooling 
agt*ncy. A drop of wattu', in cvajM»rating, ahsorhs jis much h<*at as would mist* 
1MJ7 etpial drops D Fahr., or in other W(»rds, tie* evaporatioji ol’ a gallon of 
W'ater absorbs as much heat from ih** air as wimld mist* 4J> gallons of W’ater 
from zero to the Uiiling ]»oiiit. As the spts ihe heat of an equal W(*ight of air 
is I that t»r wattU', it follows that the cva]»oration of 1 gallon or 10!1> of 
water will tool (10x4 > hf»7) 38,t»So!h ot' air, tu* 477,G*17 cuhic, feet td’ 
air 1 ' Falir. ; or, to put it in another way, tht* t'vaponilion t»f 1 gallim of 
water will rei luce 2ti,21ti t uiuc feot of air from to tit f Fahr. in India 
tiuf tem]STature of a hot, dry wind is td'ten ri‘iluc»‘d 15" t(» 2tf hy blowing 
through a wad kuskus tutiie ; but merely sprinkling water on the tioors will 
havt^ II penvptibh* ell(M t <m the tt*mpcialur< . 

When the air is stagnant, cooling is less easy. In India it is often 
attemptetl, in a still atmosplnre, to insun* cot»lm.*ss hy creating currcuits of 
air either hy the simple punkah t*r hy ihcrmaniitlotes ; these act hy increasing 
evajsmUion from the IkkIy, and th<*v certainly do away with the opjire.ssiveiiess 
c»f a still atinosjihere. lUit t vaporatiou of watt r must 1 m‘ als4» employed, as in 
Captain MtHii'soms punkah just referrtMl to, or in sonn* other way. 

in the case of a tht*rmuntid<de or Arnolt i»ump, thin, wet cloths suspended 
in asliort distdmrgt^ tube, or ice suspcnd«‘tl in it^ or a hottle eoutainiug afreezing 
mixtim\ and with a wet surfat'c, w ill answer (‘qually w tdl. 

When W’aUu* is abundant, other contrivaiUM's may Ih* employed. A litiic 
iiiHtrument is now* used in medicine, by means of wideh w-ater is subjected to 
great pressurt* by means of a pump which comprt'sses air in a ghdK*. When 
a stojXMK’k is tunietl, the w ater is forced out witli sucli vt^lot ily as to Ih* eon 
verUnl into the tiuest spray. It is, so to s|H»ak, ]>nlvcii/t‘d. Now% nothing 
could 1 m? Indter adapUxl for evajamilioii than to interpose, in the wav of a dry 
current -of air, wattu* thus fiiiely tlivided. Or tin* Ivautiful sheet -water 
fountains used to wiish air for vent ilat ion miglit Ih* enqdovetl. In the old 
f^)inan, and aoint? Ilaliuii housti^it, cotdness wiis ^duained by a fountain in tin* 
mitml wurt; and where it can In* done, the moiv common emjdoymeiit of 
fountains in the housea in the Ijot \\aYU of India may U* suggcstiHl 

Cooling is then easy when the air is tlry, t»r is not moister than 70 i>er cent, 
of aatumtion ; hut when the air is very nioist, and almost saturated, us is often 
the for example, in Lower Seinde, and is at the Kime time still, evajH^ra 
lion is very slow. Wlgit can lie done ? td’ coum? the air must be »i*t in 
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motion by meclianical means. But how is it to be cooled I Two plans 
suggest themselves — taking the air through a deep tunnel^ and the employ- 
ment of ice. 

The tunnel plan was tried, I believe, some years ago at Agra, and was not 
well thought of. But eveiytliing depends on the mode of making the tunnel. 
It must be deep enough to get into a cold stratum of earth. 

The CTiinese, in tlie north of Chimi, suspend lumps of ice in their tooms 
during the summer ; but this seems a wasti?ful plan. Ice in tunnels would 
have a much greater eftect. If the ice cannot be obtained, freezing mixtui*e8 
might possibly be used, if tlie expense is not a Iwir. 

Abhtion Rooms . — In India, ev(?iy' priv'ate house, and almost oveiy room 
in a house, Ixdonging to an Eui*o])ean, has its Ixith room. And not only the 
luxiny, but tlie Ixmetit is so gieat, that bath rooms should be considered 
essential to every barrack. Fur the usual purposes of ablution, tlie plan now 
used on liomo service is the best ; but it should be supjilemented by shower- 
baths. In order that these shall l>e eiliciently given, the old plan of cairying 
water by hand must be given up ; shower baths lor a regiment could never 
be provided in this way ; water in large quantity must be laid on in pijx^s, 
and cistenis at the top <.»f every barrack should feed th(* ablution ixw)m.s, and 
suj)ply water for the urinals. At least from 12 to 18 gallons daily should bo 
allowed i-wr liead for shower-baths alom*, and, if ]>ossible, more Ilian this, as 
general baths should be also provided »So essential must baths considen.*d 
for health, that a large supply of water .should be considered a necessary con 
dition in the choice of site. 1’he disposal ol‘ the water iifb‘r use is a question 
for the engineer ; but it must not be jxrmittiMl to soak into the ground near 
tlie barracks ; it iniglit seem supertiuoiis to notice this, if the custom of allow- 
ing the ablution water to run under the hous<*s did not prevail at some stations. 

Urinals. — I'rine tubs ara still used in many i»f the kirraeks in India, but 
tlieir list? should Ik* discontinued as soon as |K>ssible. EvajM>nition is rapid, 
and decomjH^sition srts in. Several army surge* uis have? p*»inted out 
that tlie atmo.s]*her<f is greatly ,contaminatetl in this way, ami »*»me have 
considered! that allections ut' the eyes ar** pn>duceil ]>y the ammoniut^al 
fumes. Eiirt hen ware or slate uriimli* should lx? us***!, with waU?r running 
through them ; and if ihen* ara m> drains to cdirry (»lf the urine, a zinc 
may laid inside the buihling, ami <qxui into a tub below, which shouhi be 
emptied daily. 

The War-office (’ominittee, in tlicir Suggi siions’* (p. 24), recommended 
Mr Jenning’.s urinal, which cou^i^^ts of a basin, valve, and syphon-trap, 
.supplied with water. It is cleamsl ami tilled by raising the handle. As 
already noticed in the Home Barracks, the suggestion of a small water-Up 
above, to allow the means of ablution, seems an excellent (me. 


SECTION Jl. 

WOODEN HUTS. 

( >f late ymrs, the xmi of wooden hnt.s, f xdh in [xace ami war, has greatly 
extended in several of the Eun>jH!an annies. In ]k‘uc<?, their first cost is small, 
and they are veiy^ healthy. In war, tliev afff»rd the means of housing an 
army exfH‘4Httously, and are better adapt’d for wintor quartern than Units. 

The filial thineaa of wooden huts doubtless de|wmds on the fi*ee ventilation ; 
when single-cased, the wdiid blow*» through them j and even when double 
caw«l, there is genoialiy good roof and gable ventilation. 
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Numerous patterns of liuts have been used in our own and other armies, 
from small houses holding six men, to the largo houses designed by Mr 
Brunei for Renkioi Hospital, and which were 25 feet liigh in the centre, 12 
feet at the eaves, and hdd 50 men. In the Crimea the most usual sizes were 
for 12, 18, and 24 men. 

In..arrangiug lines of huts, as much external ventilation and sunlight must 
be secureil as possible for every hut. According to circumstances, the arrange- 
ment in lines, or en hhdo7i^ must be adoptc^d. 

In time of j>eace, huts are sure to be put up well ; to lx* properly under- 
pinned j on a drained site, and well wanned. 


War Huh, 

In tlio putting up of liuts in time of war, when eveiything is done more 
roughly, the following ])oints sliould be attended to :~ 

I)o not excavate ground, if ]KiHsible; and n<*ver pile earth against the sides. 

(a.) Floor, — When(*ver practicable, underpin the joists, s<.> as to get a 
eunvnt of air under the floor. Anungc for the drainag(* underneath, so that 
water may not lie umlcnieath, but may be carried by a surface drain at once 
to an outside dmin. Tf llu^ fl(x>r is entirely of wood, have it screwed, and not 
nailed down, so that the boards may be taken n]s and the space below cleaned. 
If the sides are <»f jdanks, ami the «*entre of earth, pave tlu? centre* with small 
stones, if they can be got, so that it may be swe]»t. If this cannot be done, 
remove a little of the. surface e arth every now and then, and put clean sand or 
gravel down. 

(/;.) StdvH, —If the sides are double, l(‘ave out a plank at tlu* bottom of the 
outside, and at the to]> of tie* inner lining. If the sides are single, make 
oblicpie ojMUtmgs for ventilation above lie* imuis heads, with wooden flaps 
falling inwards, and capable of In'ing pulled more or less u]\ and enclosing 
the o]K'ning. IMace a plank oblhpudy along the bottom at the outside, to 
throw tin* dri{> from tin* ro(»f ontwanls, .so that the water may not sink under 
the houses. Wliitewash l>olh tin* insitle and outside of the planks. 

(c.) Roof, — Arrang»* for ri<lge vi‘ntilation. If felt is used, let the strips 
run ahmg the sides, and not <»ver the riilp*, 
and bf'giuning at the bottom, so tliat eocb .suc- 
cessive strij* may imbricate over the om- below 
it ; use no nails, but jdace thin stripes (»f lM>ard 
across the strips from the ridge downwards, to 
hold the felt down. 

Wanninfj, — In cold countrh^s, if stoves are 
pnmded, jduce fln*m at (m<* end. and let the 
chimney run horizontally along above the tie* 

Ixmms, to the other einl, and open at the gabh* : 
in this way, the heat is economifasl : or put a 
casing of W(>od round the stove, except in fmnt, and allow fr(‘sh air to pa^ 
between the stove and casing. If no stoves an* }»roviiled, and a fireplace is 
made with .sU)ne, it should be put at <»ne eiul. ami a wooden trough running 
out at the gable Ih> used os a chimney. If a gtxni bn>a<l slab of stone can be 
obtained for a hearth-stone^ dig a trc*uch \inder the lH)ards and leml the air ft'om 
outside uiidor the hearth-stone, and provide an op(*uing at the other side of 
the stone. In this way the enU^ring air is warmed. 

Trenches should b(^ carried round huts as in the case of tents. 
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€mma of VnJhe(dthim8$ of Woodmi Huts. 

1. Dampness from Ghround, Earth against WalU^ ^c . — Drain well. Out 
away ground from outside ; have good trenches round, with a good fell. , 

2. ^bsianees collecting under Floors . — Look well to this as a common 

cause of unhealthiness. « 

3. Earth round Huts saturated with Refuse^ Urine, — ^Every now and 

then clear away the surface earth, and replace it with clean dry earth. 

4. Ventilation bad from too few’ openings. 

5. Cold . — Issue extra clothes, if additional fuel cannot be obtained. 8ee 
that the greatest efifect is obtained from the fuel ; but do not, if it can possibly 
be helped, close the ventilators. 

SECTION III. 

TENTS AND CAMPS. 

Sub-Section I. — Tents. 

In tera}>erate climates, no army has ever been able to war without tents ; 
and the importance of pix>viding good tents is obvious. 

A good tent should l)e light, so that it may l)e easily transported, readily 
and firmly pitched, and easily taken domi. It should completely protect from 
weather, be well ventilated, and dunible. 

It is perfectly easy to devise a tent with some of these characteristics, but 
not to combine them all. 

The tents used in our army are as follows : — 

Home Service, 

The Bell-Tent. — A round tent with side.s straight to I or 2 feet high, and 
then slanting to a central jxile. Diameter of l)asc>, 14 feet; height, 10 foet ; 
area of l>ase, 154 s<|uare feet ; cubic space, 513 finsi ; weight, when dry,* about 
65 to 701b. Tlie canvas of the new jmttcm is made of cotton or linin. Tlie 
ropes extend aliout 1 J feet all around. It hold.H from twelve to sixteen men ; 
and in war time, even eighteen have l)een in one tent. The men lie with 
their feet toxvards the f»ole ; their heads to the canvas. With eighteen men, 
the men's shoulders touclL Formerly, theixi w’as no attempt at ventilation ; 
but now, a few holes ara made in the canvas near the j)ole. Ventilation, 
however, is most imperfeett Dr Fyffe (of the Anny Medical School), who 
has carefully examined this p)int, finds the holes so small, that the move- 
ment of air is almost impercej»tible, Tliere is little ventilation through the 
canvas, and none at all when it is wet with dew. The bell-Umt is in all 
respects, except weight, a nide and imperfect contrivance. It becomes exces- 
sively hot ; and the atmosphere in the middle of the day is most oppressive. 
When pitched, as usual, without any persons in it, the air in a few hours 
loses its freshness, and is close and unpleasant when the tent is entered. 

The Hospital Marquee . — ^This tent is two-)K>led, with double canvas^ It 
is made of a lower, almost quadrangular part, and an upper part, sloping from 
the top of the straight portion to the ridge. Ijcmgth, 33 feet ; breadth, 12 
feet (up to 5 feet in height, and lessening above) ; height, 5 feet to the top of 
the straight part, and 7 from this to the ridge, making 12 from ground to 


* Oompkie wetting of s tent add« from 80 to 40 per cent, to Uie weight 
t Berreck Improventent Report, p. 170. 
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ridge ; area of ground, 396 square leet ; total cubical space (reckoning the 
lower part as a quadrangle, and the upper part as a triangle), 3366 feet. 

It is intoided for sick, and can accommodate ten men well; eighteen is 
the regulation, and twenty-four men have been put in it ; but this crowds it 
extremely. A large flap at the top can be opened for ventilation, and the fly 
can be raised. Its weight (induing the valise) is about 5001b. An india> 
rubber sheet is now supplied, to put on the ground, and this weighs 145fe. 

It is a good tent when care is taken with ventilation ; but there should l>e 
a way of raising one whole side, so as to expose every part of the tent. 

Officers* Tents , — Small and large marquees are allowed. Each field-officer, 
and captain, and every two subalterns, have one tent. 

On Indian Setvice, 

The tents for Europeans are marquees, with two poles and ridge, double 
fly. Length 21 feet; breadth, 15; height to inner fly, 10 feet 3 inches; 
and outer fly, 11 feet 9 in. Twenty-five infantry are accommodated with 
85 cubic feet per man ; or twenty cavalry with saddles, with 100 cubic feet. 

The tents for natives have a single fly. Length, 22 feet ; breadth, 12 ; 
.height of pole, 10 feet ; to accommoflate twenty cavalry, or twenty-five inlantiy'. 

French Tents . — In the French army, two chief kinds of soldiers* tents are 
used. 

1. Tlie tmte (Tahri, or shelter-tent of hempen canvas, is intended for thiee 
or four men. Each man carries one-third or one-fourth of the tent, and a 
stick ; the weight of the two being 3Ib. The canvas he carries serves him 
for a covering while inarching ; or he ciin fonn it into a Img into which he can 
creep. Each sheet is 5 feet 8 inchas long, and 5 feet 3 inches broad ; the 
stick is 4 fi^et 4 inches long, and 1| incli in diameter. When the tent is 
pitched, the three men can creep inside, and have as much space and as goo<l 
ventilation as the English soldier in the bell-tent. This sort of tent has the 
great advantage of giving protection during the march, and immediate cover 
when the march is over, llie number of baggagti animals for the army is also 
greatly lessemjd. 

8<ime of the French tentcs tf ahri are intended for four or six men ; the 
length is 6^ feet, the heiglit, ; it is carried by four men. The total weight 
of the tent is from to 8Jlb. 

2. Tente de Trou}}e . — Hi is is a two-p)oled tent, with a connecting ridge- 
pole. It is 19 J fwt long, by 13 or -14 wide, and 10 high ; the ground area 
is 253*5 scpiaru feet. It is intended for sixteen men. There aie two oj^enings 
in the centre, which can be held out by poles, each 5 feet in length, or closed 
at pleasure. Between the |)oles, at the height of 6 feet, there is a perforated 
wooden plank, on wdiich aHicles are place<l, or from wdiich they hang, llie 
total weight is 143*5]b avoii*. 

3. Two conical tents are also sometimes used, like the English bell-tent ; 
one {tente conique) a cone, and the ot|)er having an upright wall 16 inches 
high, and then being conical above {iefde amiqne d murailk). This last tent 
is ventilated at the top ; a galvanised iron ring, 1 2 inches in diameter, receives 
the i^vas, which is sewed round it An opening is thus left of 1 1 3 square 
inches, which can be closed by a wooden top whicli rests on the top of the 
pole, and is buckled to tlie ring. Each tent holds twenty men. 

Pruman Tent, — ^This is a conical tent, with a single pole, like the 1^-tent 
of the English army ; it is 14 feet diameter, the |H>le 1 1§ feet high ; it holds 
fifteen to ei^teeu men, and weighs 80!b avoir. 

Pruman Hospital Tents, — ^The ground-floor of the tent is a rectangle 62 feet 
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long and 24 broad ; the tent is 16 feet high ; there are 6 or 8 poles ; the am 
is 1488 square feet It is divided into thm parts : a cential, 52 feet long and 
24 broad ( = 1248 square feet), for the sick, and two rooms each 6 feet long and 
24 broad tor attendants, uten^, &c. Each tent could contain 20 to 22 beds, 
but only 12 patients are placed in it It stands on an area of 80 feet by 40« 
Since 1862 ihe Prussians have treated many of the Worst cases under such 
tents during the summer. The same practice has been adopted in the Austrian 
army for twelve years past 

The Prussian hospital tent appears to be excellent, and superior to the Eng- 
lish marquee. 

North^ American Tente . — ^At the commencement of the war the Sibley 
tent was much used. It is conical, 18 feet in diameter, and 13 feet high, with 
an opening for ventilation, and gives 1102 cubic feet ; often twenty or twenly- 
two men were held by one tent Bell and wedge-shap^ tents were also used ; 
the latter was 6 feet 10 inches long, 8 feet 4 inches broad, and 6 feet 10 inches 
high, with a cubic space of 194 feet. It hold six men. 

These tents, however, did not answer ; the ventilation was most imperfect, 
and in the summer of 1862 ponchos and shelter-tents were issued, which in 
the army of the Potomac have superseded the old tents.* The poncho is a , 
piece of oilcloth with a slit in the centre, through which the head is put ; two 
ponchos can form a shelter-tent. The aiiny of the Potomac spent the winter 
in improvised huts of logs or mud, with the shelter-tent for the roof. 

The larger tents are, however, still used for stationary commands, and for 
hospital purposes. 

Other Plane . — A very great number of different kinds of tents are employed 
by different nations, and many plans have been proposed of late year8.t Of 
these, Edgington’s square military tent, and Turner’s and Rhodes’ tents are the 
best The first is a single ]^>oled p^Tamidal tent, with a second pole to sustain 
^e entrance flap ; it is 13 feet square, and will hold sixteen men. Tliere are 
ventilating holes through the canvas at the top, protected by canvas. It 
weighs 901b. 

Turner’s tents are conical and oblong ; the pole is hollow iron, and is sup- 
ported in a tripod, below which a stove can be placed, to which tilie pole 
serves as a chimney. Instead of ropes, galvaniz^ wire and iron pegs are 
used, and wire ropes running fiom the pole to the circumference are used to 
sustain liammocks, and so raise the men from the gn)un<l. A tent for eighteen 
men weighs 3001b. Turner’s hospital tent is 60 feet long, 29 wide, and 18 high, 
and weighs 8961b.:^ A great advantage of these and similar tents is Uiai 
a stove can be easily used, and there is pretty good ventilation through the 
hollow pole. The raising the men off the ground is also a great advantage. 

Major Rhodes’ tent is a cur\’iUnear octagon, which is made up by a Anme 
of stout ash or bamboo ribs, which are stuck into the ground, passing through 
a donble-twisted rope near the ground, and bent in to the centre, where they 
meet in a wooden head fitted with iron sockets, to receive the ends of the 
ribs. The firaunework is not unlike an o|)6n umbrella. Tlie rope through 
which the ribs pass is well p^^ged to the ground, and there are also outside 
storm ropes, so that, both from the shape of the tent and its Ues, no storm can 
blow it over. There is good top ventilation through an opening protected 
by a leathern cap, and the canvas covering which contains tlie tent (when 
packed) can be placed on the ground. 


• Woodwani, Camp Blaaaiea of tli« United BUtei Army/* 1868, p. 46. 

t daacrfption will be fouiid in MijoT Kbodea* Tent LHe and Biieampi]ig,^88e. 

t Rbod^ p. 178. 



CAMPS. 280 

can be divided into two pa^, and buttoned inside the bottom of the tent, so 
as to prevent air &om blowing in under the canvas. 

A small tent (guard tent), capable of holding four or five men, is also used. 

The hospital tont is made of two of these tents connected by a portion of 
tent made of ribs which run to a ridge pole* It is 30 feet long, 15 feet wide, 
and 10 feet high, but can be made of any length. The field tent weighs 
1001b; the hospital tent 3951b. Both these seem excellent tents; they 
give much more groimd area, cubic space, and standing room, than any form 
of cone tent, and are more convenient, as there are no poles. 

General Conclmions, 

The history of all wars in the temperate zone proves that men cannot war 
without tents. Both theory and experience show that the best arrangement 
for a soldier is that he should carry a portion of a shelter tent, which may at 
once serve him for a cloak on the march, and a cover at night, if he is 
obliged to lie out without pitching his tent, and which, joined to two or three 
other similar pieces, may make a tent to hold three or four. For camps of 
position, where troops are kept for months, and where there is less trouble about 
transport, larger tents can be used, and then either a tent like that of Major 
Bhodes’, or a two or four poled tent like the Prussian, appears to be the b^. 

This French system, now adopted by the Americans, is in reality a very old 
one. The Macedonians used small tents which held two men,* and Rhodes 
figures a little shelter tent of the same form as the French, and holding 
apparently five men, which was in use in the British army in 1750. 

At various times in late wars the English army have extemporised tents of 
this description by suspending blankets over their firelocks. An instance 
of this occurred in the long march of the 12th Regiment, in 1852, at the 
Cape (see chapter on Marches). Profiting by this hint, and struck by the 
military advantages which would result from the men carrying their tents, a 
private soldier, Paul, of the 12th Regiment, devised a shelter tent for three 
men, which was shown at Chatham in 1862. It is an improvement over the 
French tent, and is better than the American poncho-tent, as, instead of a slit, 
through which the head passes on the march, a portion of the sheet goes over 
the head, so as to form a hood. The man is thus perfectly protected on the 
march to below the knees. Tw’o sheets form a tent for three men, the third 
sheet being on the ground. Colonel Stewart of the 2d Depot Battalion has 
still farther improved this tent, which now' seems as good as it can be. 

On the wrhole, this tent seems better than Major Rhodes* guard tent, as one 
or two men can form a tent with their own canvas ; and if the sticks are 
lost, the rifles can supply their place. 

An army can encamp and house itself as fast as it can take up its ground, and 
so short is the time necessary for pitching the tent, that even in heavy rain 
the men would not ^t wet The men lie much more comfortably than in 
the bell-tent,f and were is scarcely a possibility of its being blown down. 


Sub-Section II. — Encampments. 

Several regulations have been issued by the Quarto-Master Genera’s 
Department ; and the Queei\*s Regulations (pocket edition, p, 278) contains 

Rhodes’ ‘'Tent Li^ . , v 

t In •oais of the last China axpaditiona watarproof shaats were iasna^ of ^ 
made tanta aa wril as rioaks. I was told by a private soldier who canM one of tliasa, that 
notkbut mors eomfoitable was over issued to the men. His sheet was the last tklag tha man 
woald part with. 
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sevend orders which will be noticed immediately. The Barrack Improve- 
ment Commissioners also, in their Beport (1861), lay down certain rules 
which must be attended to (p. 168). 

Encampments are divided into two kinds — those of position, which are 
intended to stand for some time, and incidental camps. The camps are 
arranged m the same way in peace and war, as a means of training the men ; 
but of course in peace, the war arrangement need not be adhered to. 

In the instructions issued in 1853 by the Quarter-Master General’s Depart- 
. ment, the following rules were laid down : — 

1. That the firont of the camp be made to correspond in extent with the 
front occupied by the troops in line. 

2. That the means of passing freely through the encampment with a large 
front be maintained. 

3. That the tents be disposed with a view to the greatest amount of order, 
cleanness, ventilation, and salubrity. 

4. That the camp bo as compactly arranged as the above considerations permit. 

The general principle of the encampment is a military one, viz., that the 

line shall correspond to that in which the troops would engage, viz., in order 
of battle, * a plan which originated with Gustavus Adolphus. A battalion 
of infant^ being in line, it wheels into open column on the reverse flank, and 
then pitches its tents. If there are ten companies, there are, therefore, ten 
tows of tents, each about 36 yards long and 7 broad, the distance between 
' them being the length of the column (36 yards). Or instead of Ijeing in open 
column, every second column closes up, and the tents of two com})aniea are 
pitched close to each other, back to back. This leaves, of course, a very 
much wider street between every second row of tents, but the two rows of 
tents are close together. 

In front of the lino a broad street is left, on which are three guard tents. 
The wm{>any officers’ tents are in rear of their com^Ninies, and behind these 
are the held officers’ tents, the sutlers, horses, kitchens, and tfa^ reaiguard. 
The latrines are usually in rear of alL From 15 to 20 yards separates each 
row of these tents in rear. 

A battalion of 850 rank and fde, encamped on its own front either in open 
column or with the alternate com{mnies closed, will, with all the tents in 
rear, occupy a space of 230 yards by 139, or 32,000 square yarda But 
if the space actually occupied by the men’s tents, and the unoccupied 
spaces l^tweeu the lihos of men, be alone considci^, the 8i>ace will be 
230 X 36 - 8280 = 9*7 square yards to each man. If, again, the area of the 
men’s tents only be included, it will be 7 x 10 x 36 or 14 x 5 x 36 ss 2520 
square yards, or 3 square yards to each person. 

If space permit, the next battalion is encamped on the same line, a broad 
street, equal at least to companies, being left between the battalions. 

Caval^ are encamped in the same way, in columns ofrtroops open, or with 
tiie alternate troops closed ; 4 feet of space is allowed to each horse, wUeh is 
picketed. 

Artilleiy encamp with the guns in front, the waggons in two lines behind, 
oflbsets’ tente, Ac., in rear again, and the horses and men on the flanks, the 
men being outside. A troop of horse artilleiy, with 162 men and 156 hones, 
occupies a mm of 140 yards 70. 

On consiaering these amnjpnients, it is ev^lent that the eompresnon of 
the men is oonsidefabla. 'Dddng the oblong space covered by tlto mm’s 
tents, and the spaces between them, and disrog^ing Uie iipace behind with 


• Bltote* Ufe,** p. 218 . 
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the offieeis* te&te, the ttpace per man is only 9*7 square yards. In the densest 
part of London in 1851, the sp^ was 18*9 3 rardB per head, and in the 
densest part of Liverpool in 1844, it was 6*1 square yards. 


Square yards 
per tent.* 

50 

100 

150 

200 

300 

400 

500 

600 

700 

800 

900 

1000 


Tents per 
square mile. 

61,952 

30,976 

20,650 

15,488 

10,325 

7,744 

6,195 

5,162 

4,425 

3,872 

3,441 

3,097 


Troops per square mile, 
if there are 
15 men to a tent. 


929,280 

464,640 

309,760 

232,320 

154,880 

116,160 

92,928 

77,440 

66,377 

58,080 

51,628 

46,464 


The number of persons i)er square mile 
C/ommission as — 


is given by the Royal Sanitary 


Leeds, 87,256 

Manchester, 100,000 

London — St Jameses, Westminster, 144,008 

East London, 175,816 


In using this table, two calculations should be made — ^first, as to the whole 
area of the camp ; second, as to ground occupied by that section of the camp 
on which the soldiers' tents stand ; the space covered by the tents and the 
ground between them being included. 

But the compression is hardly represented sufficiently by this. Taking 
the occupied space alone, we find each man has only 3 square yards. Either, 
then, the ventilation must be extremely good, or more space per man should 
be given. As in war it is not always easy to give space, the importance, even 
in a military point of view, of thoroughly ventilating the tents is obvious. 
It is quite certam tliat the present l)ell-tent must be entirely altered. 

Wlienever practicable, it sliould be urged on the military officers to give 
more space to the tents than allowed in the instructiofis quoted. The Bar- 
rack Commissioners say — “IMtalion tents should never be arranged in 
double line ; short single lines are liest. The tents in line should be separ- 
ated from each other by a sjiace at the very least equal to a diameter and half 
of a tent ; and the farther the lines c^in bo conveniently placed &om each 
other the better” (p. 169). The geneml arrangement must obviously be 
adhered to ; but it would desirable to abandon the plan of closing up the 
alternate companies, and to give the length of one and a half diameters of a 
tent between the tent-pegs of every tent. But, as already said, the important 
point is to improve the ventilation of the tent itself. 

Cemprmed Occasionally the tents have been placed much closer to- 

gether than even on these plans. It is to be presumed that no military officer 
who regards the comfort or health of his men will ever do so without an impera- 
tive mSitaiy necessity. Yet it has been occasionally done, and tents have 
been placed almost as closely as they could be, even when ground was avail- 


* Bepert of the Amy Saaitery Commiteioa, 1858, whefe plans are shown to illustrate this 
point* 
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md HO enemy waa in front Under these cixonmstanoes, an expiration 
of the zeasonB for not orowd^ the men together will undoubtedly satis^ the 
officer in command, that he is sacrificing comfort, convenience, and efficiency, 
to a fitlse notion of order and neatness. 

Fotnta to be oMmded to in the Erection and Conservaney of Tents. 

Place the tents as far apart as can be permitted ; have a deep trench dug 
round each tent, and carry it into a good surface-drain running in front of the 
tents, with a proper &11. Place the tent on the ground and do not excavate; 
in a camp of position, the tents can sometimes be raised on a wall constructed 
of stones, or even earth, if this can be plastered over. Whenever possible, 
let the floor of the tent be boarded, the boards being loose, and able to be 
removed. If there are materials, make a framework elevated a few inches 
from the ground to carry the boards. If boards cannot be obtained, canvas 
or waterproof sheets should be used; whatever is used, take care that 
nothing collects below, and move both boards and canvas frequently to see 
to this, and scrape the earth if it is at all impregnated. If straw is used for 
bedding, get the men to use it carefully ; to pla^ pegs of wood or stones, and 
make ropes of straw running from peg to peg, so that each man may keep his 
own place neat Take care that the straw is kept dry, and never allow the 
men to use green foliage, or any damp substance. Have the sides of the tent 
thoroughly raised during the day, and even at night, to leeward. Whenever 
practicable (twice a-week if it can be done), the tents should be struck ; the 
boards taken up, the surface well cleaned, the worst part of the straw 
removed and burnt 

(For conservancj of camps, see 'War.) 


SECTION IV. 

SuB-SbcTIOK I. — lloSPITAIX 
Gerteral Remarks, 

During the last ten years a great number of works (English, French, and 
German) have been wntten on the construction of hospitals. Ihis has been 
especially owing to the celebrated Notes on Hospitals,'’ published by Miss 
Nightingale, after the Crimean War, a work the importance of which it is im- 
possible to overrate, and to the very useful pamphlets of Mr Iloberton of Man- 
dhesto. Among military writers, Bobert Jackson in this, as in all other 
points, takes the first rank, and his observations on the construction of hos- 
mtals are conceived entirely in the spirit of the best writings of the present 
day. In the short space which can be given to the subject here, 1 can merely 
oemdsnsa what has been best said on the subject, as applied especially to 
militafy hospitals. In the first place, however, a few wor^ are neoessaiy on 
the geuial question. 

ilthouf^ the establidiment of hospitals is a necessity, and marks the era 
of an advanced civilisation, it must always be rememberi^ that if the crowd* 
ing of healthy men haa ita danger, Uie bringing together within a confined 
am many sick persons is fiur more perilous. Ihe mkn of contaminatitm of 
the air, and of impregnatum of Hie materials of the building with morbid 
substances, are so amHj ineressed that the greatest csie is neoessaiy that 
boiqntab i^U not become pesthouse% and do more harm than good. We 



HOSPITALS. 


293 


must always remember, indeed, that a number of sick persons are merely 
brought together in order that medical attendance and nursing may be mom 
easily and perfectly performed. The risks of aggregation are encountered for 
this reason ; otherwise it would be far better that sick persons should be sepa- 
rately treat^, and that there should be no chance that the rapidly changing, 
and in many instances putrefying, substances of one sick bc^y should pass 
into the bodies of the neighl^uring patients. There is, indeed, a continual 
sacrifice of life from diseases caught in or aggravated by hospitals. Ihe many 
advantages of hospitals more than counterb^nce this sacrifice, but it should 
be the first object to lessen the chance of injury to the utmost. The risk 
of transference or* aggravation of disease is least in the best ventilated 
hospitals. A great supply of air, by immediately diluting and rapidly carry- 
ing away the morbid substances evolved in such quantities from the bodies 
and excretions of the sick, reduces the risk to its minimum, and perhaps re- 
moves it altogether. But the supply of air must be enormous ; we are not in 
a position to say how much, but I question whether even the large quantity 
of 4000 cubic feet per head per hour, now assigned by the best observers, 
will not be found to be far below the proper amount for the acute and febrile 
diseases. 

The causes of the greater contamination of the air of hospitals are these : — 

1. -More organic effluvia are given off from the bodies and excretions of 
sick men. These are only removed by the most complete ventilation. 

2. The medical and surgical management of the sick necessarily often ex- 
poses to the air excretions, dressings, foul poultices, soiled clothes, &c., and 
the amount of substance thus added to the air is by no means inconsiderable, 
even with the best management. 

3. The walls and floors of hospitals absorb organic matters, and retain them 
obstinately, so that in some cases of repeated attacks of hospital gangrene in 
a ward, it has been found necessary to destroy even the whole walL Con- 
tinual drippings on the floor of substances which soak into the boards and 
through crevices, and collect under the floor, also occur, and thus collections 
exist of putrifying matters which constantly contaminate the air. 

4. The bedding and furniture also absorb organic substances, and are a 
great cause of insalubrity. 

5. Till very recently, even in the beat hospitals, the water-closets and urinals 
were badly arranged, and air passed from these places into the wards. 

In addition to the necessary amount to dilute these substances, the freest 
supply of air is also now known to be a curative means of the ^hest mo- 
ment ; in the cases of the febrile diseases, both specific and symptomatic, it is 
indeed the first essential of treatment ; sometimes, especially in typhus and 
small-pox, it even lessons duration, and in many cases it renders convalescence 
shorter.* 


* The effect of a great supply of air on some diseases is marvellous, and the subject is so im- 
portant that a few examples may be quoted. The experienoe of the spotted typhus of 1814 at 
Paris, when it was noticed with astonishment that the cases placed (with great fear of the remiH) 
in the abattoir of Montfhuoon (one of Uie highest and most breezy parts of Paris), did infinitely 
better than the patients in the re^pUar homitals ; and the analorous case of the Irish fever of 
1847-48, when cases left in the open air and in the rudest sheds recovered better than thoee 

K ’ ta who had all the advantage of 1^ fixed establishments, can be paralleled by many othdr 
ces. A case full of inetmcetion for the army surgeon was recorded 100 years ago by 
Brocklesby, physidan to the anny In 1764.* . 

** In October i768, a greater number of sick were lauded out of the transports on the Isle of 
Wight, than all ^e spars out-houses, hanis, and empty cottages which could be proeoxed for 
money or the sake of nnmanity at Newport were capable of containing. In this distree^ aome 
gentlemen of the hospital proposed to erwA a temporary shed, with dm boards, upon the iqpmi 

• £ioiu»mlciiI STHl Medical ObsenraUons fiem ttw year 17M to 1768, by R. BrockM»r. 1764., 
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Ihere can, I believe, be no doubt, that the necessity for an unlimited 
8U|qply of air is the cardinal consideration in the erection of hospitals, and, in 
must govern the construction of the buildings. For many diseases, 
espedaUy the acute, the merest hovels with plenty of air, are better than the 
most costly hospit^ without it. What ill-jud^ humanily it is to over- 
crowd febi^e patients into a building, merely because it is called an hospital, 
when the very fact of the overcrowding lessens or even destroys its usefhlnesa 
In times of war, it should never be forgotten by medical officers that the 
rudest shed, the slightest covering, which will protect from the weather, is 
better than the easy plan so often suggested and acted on, of putting the b^ 
a little closer together. 

The recognition that the ample supply of pure air is the first essential of a 
good hospital led Miss Nightingale to advocate with so much energy tuud 
success the view which may he embodied in the two following rules : — 

1. The sick nhould be distributed over as largo an area as possible, and 
each sick man should be as far removed as possible from his neighbour. 


fore«t, and to have it thatclied over with a coat of new straw, thick enough to keep out wind 
and rain, and capacious enough to hold 120 patients or upwanls ; for doing which, and the use 
of the boards, the country workman exacted forty pounds. Although the novel waa finiabed in 
a fashion the most siovemy, and apparently inadequate to the end proposed, upon trial it waa 
found that, notwithstanding much extraonlinary cold, as well as moisture, which the sick 
there lodged had suffered, remarkably fewer died of the saiue diseases, though treated with the 
same medicines and the same general regimen, than died anywhere else ; and all the conva- 
\&KXsni» recovered much sooner thau they did in any of tlie warmer and closer huts and bams 
hired round Newport, where tires, and apparently better accommodations of every sort, covdd 
be provided for toem.'* (1^. 66, 67. ) 

He gives another instance afterwards. 

In making these rough sheds with wattle, Brocklesby incidentally mentions two points of 


posaibie into the ojien air, and also to eat their meals in it. 

Another old army surgeon * records an analogous case. Donald Homo says, that Dr Hnme 
told him, that in 17&5, some of tlie men of war carrieil out to North America a malignant jail 
fever, brought by impressed men. The fever continued to spread while at sea ; but at Halimx, 
the sick were lodged in tents, or in very old shattered Ikouses that admitted Um air very 
fnely, which pot a sudden and effectual stop to this disorder.’* 

The same facta were before clearly }x>inted out by Pringle, who witnessed the loss occurring 
in military homitals when spotted typhus once gained a footing ; and they were also fully 
understood by Sir James M^Origor in Che Peninsular war. As far as slotted typhus is ooucenm, 
no evidence is necessary to convince us that patients must be treaM witlr an absolutely un* 
limited supply of air ; and with ies(iect to some other diseases, the remarkable ex|ierience of the 
Austrian army su^^ns for the last ten years shows that the same rule applies to tvphoid fever, 
smallpox, pyemia, hospital i^igrene, and wounds. Since 1654, the sick of the Austrian 
army nave wen hugely treated, during eight or nine months every year, in well ventilated tents 
in pretence to fixed hospitals. The result has been most remarkable ; disease was prevented 
from spieBdmg, and patients got well much more rapidly than in the apparently mow comfoii- 
aMepemanent bosp^s. For particulars, the Report on Hygiene by tne author, in the Army 
Medical Report for low, can be referred to ; some of the most isiipoitant facts are given under 
the head ofPirid Hospitals in War. 

An analcgoua experience has led some of our heei surgeons (Mr Psgei, for examblel. to 
believe that in pywmia a patient should be treati^ almost in the open air. 

In yellow fever the same rule bolda good ; and to ahow hew early thia waa appiedatetL I 
ittbjofn e qnotetioii from Lind. ^ 

Lbd t qeotea from very aenatble man, who resided long in Jamaica." 

1 have often oheerved the poor seamen in the merchant service to recover from the jMlow 
fever solely lor having the benefit of a free and conaUnt adraUsion of tha cool aae air into a 
ship anelimd at a diatanoe from the show, where they lay utterly dsaiitute of every 


Ir vywiiro as iMogsra ^ rorvuoyai, expuM witn ttair wBoie »ta 


• OaMMHniA 
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2. The Bick should be placed in small detached and perfectly ventilated 
buildings, so that there is no great number of f^rsons in one biding, and 
there shall be no possibility of the polluted air of one ward passing into 
another. 


Ilotc is this perfect Purity of Air to he secured f 

This is a matter partly of construction, partly of superintendence. 

(a.) There should be detached buildings, so disposed as to get the freest 
air and the greatest light. They should be at considerable distances apart, 
so that 1000 sick should be spread like a village ; and in the wards, each 
man ought to have not less than 100, if possible 120, feet of superficial, 
and from 1500 to 2000 feet of cubic space. With detached buildmgs, the 
size of an hospital, as pointed out by Miss Nightingale, is dependent merely 
on the facility of administratioiL When the hospitals consist of a single 
building, the smallest hospitals are the best. 

(5.) The ventilation should be natural, 2 .e., dependent on the movement 
of the outer air, and on inequalities of weight of the external and internal 
air. The reason of this is, that a much more efficient ventilation can be 
obtained at a cheaper cost, than ’by any artificial means. Also by means 
of open doors and windows, we can obtain at any moment any amount of 
ventilation in a 8|X5cial ward, whereas local alterations of this kind are not 
possible in any artificial system. The amoimt of air, also, which any arti- 
ficial system can cheaply give, is comparatively limited. The amount of air 
should be limited only by the necessity of not allowing its movement to be 
too perceptible. 

The best arrangements for natural ventilation for hospitals appear to me 
to be these — Is/, Opposite windows reaching nearly to the ceiling, on the sides 
of a ward (not wider than 24 feet, and containing only two rows of beds), and 
a large end window. - 2(1, Additional openings, to secure, as far as possible, a 
vertical movement of the air from Wlow upwards ; and this, I believe, will 
lie best accomjilished as follows ; — * 

A tube oi)ening at once to the external air should run transversely along 
the floor of the ward to each bed, and should end in a box placed \mder the 
bed, and provided with openings at the top and sides, wliich can be more or 
less closed. In the box, coils of hot-water pipes should be introduced 
to warm the air when necessary. The area of the tube ^ould be not 
less than 72 square inches to each bed; and the area of the openings in 
the box at least four times larger. The fresh air, wanned to any degree, 
and moistened, if necessary, by placing wet cloths in the box, or medicated 
by placing chlorine, iodine, or other substances, will then pass under each 
b^ and ventilate tliat space so often left unaired; and then, ascending 
round tlie sides of the bed, will at once dilute and carry up the products 
of respiration and transpiration to the ceiling. It would, I presume, be 
a simple matter so to arrange the hot-water pipes as to be able to cut off 
all or some of the pipes rinder a particular bed from the hot-water cur- 
rent if desired, and so to give a fever imtient air of any temiieiature, from 
cold to hot, desired by the ph^'sician. In the low and exhausted stages of 
fever, warm air is often desirable. By this simple plan, it seems to me 
we could deal more effectually with the atmosphere round our patients, 
as to warmth, dryness, humidity, and medication, than by any other. At 

s A plan similsr to this has beaa daviaad by Pr 8. Hale, and adopted in aome of the Ana- 
tiallaanoi^tala. Itiaaa ezoaUentamiigement. butaeems rather unneoasaarily complicated, 
^tskingueair under the floor, and elevating me beds on a dais. 
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tiiB mm time the open fiieplaoe and ohimney, aud the open doom and 
irixid0W8| are preserved* 

For the exit of the fool air, channels in the ridge ahoold be provided ; 
wanned by gas if possible, as pointed out in the copter on Yentilatiom 
To facilitate thia ^stem of ventilation, it is desirable to have the boildinga 
one storied only ; but it can be applied with two storiea Only then the dis- 
charge tubes must be placed at the sides, and must run up in the thickness of 
the walls. 

(c.) The strictest roles should be laid down with regard to the immediate 
removal from the wards of sdl excreta, dirty dressings, foul linen, &c. 

Nothing that can possibly give off anything to the air should be allowed 
to remain a single moment. Dressings of foul wounds should be sprinkled 
with deodorants, and charcoal bags suspended round the bed. 

(d) The walls should be of impermeable material Cements of different 
kinds are now used, especially Parian ; but it may be suggested, whether 
large slabs of ^properly coloured tiles, joined by a good cement, would not be 
better. Ceilings should be either cemented or frequently limewashed. Great 
care should be taken with the floors. On the whole, good oak laid on concrete, 
seems the best material ; but the joining should be perfect, so that no fluid 
may pass through and collect below the floor. Possibly it might bo well to 
cover the floor with a good oil-cloth, or material of the like kind, which would 
prevent substances from sinking into the boards, and would lessen the neces- 
sity of washing the floors; but might be itself removed, and frequently 
washed. The practice of waxing and dry-rubbing the floors, and other similar 
plans, is intended to answer the same purpose. 

(e.) The furniture in a ward should be reduced to the minimum ; and, as 
&r as possible, eveiytliing should be of iron. The bedding should also bo 
reduced in sue, as much as it can be. lliick mattresses should be discarded, 
and thin mattresses made ea^' and comfortable, by being placed on springs, 
employed. The material for mattresses should horse-hair, or coir 
which, on the whole, are least absorbent Straw, which absorbs very little, 
is bulky, and is said to be cold. All flock and woollen mattresses should be 
discarded Blankets and coverlets should be white or yellowish in colour, 
and should be frequently thoroughly aired, fumigated, and washed 

(/.) The amngement of the water-closets and urinals is a matter of the 
greatest moment. Every ward should have an urinal, so that the common 
practice of retaining urine in the utensils may be discontinued. If the urine 
is kept for medical inspection, it should be in closed vessela The removal 
of excreta must be by water. In hospitals, nothing else can be depended 
upon, as regards certainty and rapidity. The best arrangements for closets 
is not the handle and plug, which very feeble patients will not lift ; but a 
self-acting water supply connected with the door, and flowing when it is 
cpened This plan is better than Ike self-acting spring seat, which is not 
always easily depressed by a thin patient ; and also, by leaving the door open, 
it gives us w means of pouring in any quantity of water, and of thoroughly 
flushing the pan and pipe. The closets are best arranged in nearly detached 
lobbies, at one end of the ward, and separated from it by a thorough cioas 
ventilation, as shown in the plan afterwards given, whicli is copied from 
Mm y^tingale's work. 

In this wqr, pconded thesite of the hospital is originally wdl chosen, perfect 
purity of sir can be obtained, and the first requisite of ago^ h^ital iaaecufed. 

The warming of the ab of Hospitals is discussed in tine chapter on 
Wanning. 

Next to the supply of pure afr, and to the measures fof prsventiiig eon- 
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tmninatioii (which embrace oonstraction, ventilation, cleanliness, and latrine 
axtangements), come the arrangements for medical treatment. 

Medicad treatment includes : — 

1. The Supply of Food. — ^The diet of the sick is now becoming e matter of 
scient^c precision ; and it is probable that every year greater and greater 
importance will be attached to it. Hence, the necessity of a perfect central 
kitchen, and of means for the rapid supply of food at all times. There is 
more difficulty in doing this than at first appears, as the central kitchen can- 
not supply everything j and yet, there must be no cooking in the wards, or 
even near them, as the time of the attendants should be occupied in other 
ways. Probably, the best arrangement is to have hot closets close to the 
wa^, where the food sent from the kitchen can be kept warm, and ready for 
use at all hours of the day and night. 

2. Tfis Supply of Water. — Hot and cold water must be supplied every- 
where, and Iwths of all kinds should be available. The supply of water for 
all purposes should ‘be 40 or 50 gallons per head daily. (See p. 3.) 

3. The Supply of Ihnige and Apparatus. — The chief point is to economise 
the time of attendants, and to enable drugs and apparatus to be procured with- 
out delay when needed. 

4. Th^ Nursing and Attendance^ including the Supply of Clean Linen^ — 
The time and lal^ur of the attendants should be expended, as far as possible, 
in nursing, and not in otlier duties. Every contrivance to save labour and 
cleaning cffiould therefore be employed. Lifts, shafts, tramways, and speaking- 
tubes to economise time ; wards arranged so as to allow the attendants a view 
of every patient; wards not too laigo nor too small, for Miss Nightingale 
has conclusively shown that wards of from 20 to 32 beds are best suited for 
economy of sendee. 

5. Means of Open Air Exercise for Patients. — This ought properly to be 
considered as medical treatment. As soon as a patient can get out of his ward 
into the open air he should do so ; therefore, open verandahs on the sunny 
sides of the wards, and sheltered gardens, are most important. For the same 
reason hospitals of one story are best,’*' as the patients easily get out ; if of two 
stories the stairs should be shallow. 

6. In addition to all these, the supply of air medicated with gases, or fine 
powders, or various amounts of watery vapour, is a mode of treatment which 
is sure to become more common in certain diseases, and special wards will 
have to be provided for thesis nmiedies. 

, The parts of a military hospital are — 

Patients' RooniSy llVirds, and Day-rooms, if |) 0 S 8 ible; the vrards of two 
sires ; large, «>., from 20 tp 32 In^ds ; and small, for one or two patients. It 
is desirable to have the small wards not close to the large ones, but at some 
little distance. Attacheil to the wards are attendants' rooms, scuUeiy, bath and 
ablution rooms, small store-room, urinal, closets (one seat to every eight men). 

OperaHng-roenn — Dead-house — Administration. — Surgeons’ rooms ; case* 
book and instrument room ; offices and officers’ rooms. 

Pharmacy, — Dispensary ; store-room ; disi^snser’s rotun. 

* I had never properlv eetimateil the importanee of pntiente getting into the air, and the 
deilrahllity of one-etoriea bttildlngtftor Uiit piupose, till 1 iterved at R^kioi in Turkey during 
the Orimean War. The hospital wee oompoeeu of one-storieii u^ooden housee oonnected by ah 
open QonidoT. At noon aa a man could crawl he always got into the corridor or Iwlween the 
houaen, and the (pod elfocts were manifhet Some of the luedioal ofUcers had their patients' 
heda carried out Into the corridor when the men could not walk, in the winter, greatcoats wem 
provided for the men to put on, and they were then enconmged to go into the oocridor. 
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OMnary. — Store-room; wine and beer room; larder and meat room; 
Idtcbmi ; room for arranging diets ; eonllery ; cook’s room. 

WaMng, — ^Wash-house ; dirty linen store ; fumigating-room ; cleaning-room 
for mattresses. 

Steward's DepartmmU — ^Offices ; furniture, linen, utensil, and pack stores ; 
rooms for cleaning. 

The amount of storage room is, for an hospital of 100 sick — 

Bedding and store = 200 square feet. Fuel store - 250 square feet. 
Clothing store = 100 „ Foul linen store = 120 „ 

Utensil store =160-200,, Pack store =200 „ 

Ploviaion store = 100 „ (In military hospitals.) 


Sub-Section II. — Miutary Hospitals. 

Regulations. 

Hospital space is to be provided for 10 per cent, of the force. Lately, since 
the hedth of the army has been so much improved on home service, it has 
been proposed to reduce it to 7 per cent., but it would appear desirable always 
to have a large hospital sjmce for emergencies and for war. 

The Director-General ia consulted when a fresh hospital is built (p. 79). 

The Inspectors and Deputy-In8i>ectur8 of Hospitals ai-e onlered to inspect 
the drainage, ventilation, water supply, water-closets, latrines, urinals, and sinks 
of every hospital, and to see that the warming and lighting are sufficient (p. 29), 
also that the numbers in hospital is not over n^gidation (p. 4) ; that the excreta 
of the sick are promptly removed from the wards ; tliat cleanliness, cooking, 
&C., are properly attended to ; and tliat the vicinity of the hospital is in gO(^ 
condition, and the ho.spital itself in gooil rejmir. 

In general hospitals a sanitaiy officer is to be appointed ; in regimental 
bospitds the surgeon or assistant-surgeon is tlie sanitary officer, and the duties 
of these officers as to insfiection is ex]dicitly laid down (p. 39). 

If any building is selected as a temporar}' hospital, the sanitary officer, or 
medical officer in charge, is ordered to insj^ect it, and to recommend such 
alterations as are necessary (p. 39). 

Convalescent wards are to be provided when practicable (p. 40). 

In various other places hospitds are referred to in the same sense as in the 
above extracts. 

hiilitary hospitals are cither regimental or general. In the former case the 
medical officer is in charge of the sick of his own corps ; in the latter, the 
sick of many regiments are received, and are treated by medical officers who 
are usually on the staff, or not doing duty with regiments. 

The great improvements in militaiy hospitals which have been made of 
late years are entirely owing to Miss Nightingale and the Barrack Commis- 
sions (Dr Sutherland and Captain Galton). The oId«hos{)itals are gradually 
altered as far as they can be, and all new hospitak are constructed on a 
certain plan. 

Condenaed into the diortest space, the present rules of construction of mili- 
taiy hospitals are aa follows : — 

The hospitals are to be formed hy detached buildiiigs, or pavilions arranged 
in line, or side hy side, an^ in the last case, to be separated by spaces equal 
m width to double the height of the pavilion. The pavilions to be so dis- 
posed as to get most sir and B^t ; to be connected by a corridor widi thorough 
eroes and roof ventilation. No sunk basement to he under the wards except 
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to isolate them from the soil, and such basement to be arched, dramed, and 
rentilated.* 

Each pavilion for the sick to have only two floors, on account of ease of 
ventilation, economy of service, and facility for sick men getting into the open 
air. If possible, one floor is better. Inside staircases, if used, to be large, and 
ventilated separately and thoroughly. 

Each floor to have one ward, to hold from 20 to 32 patients ;t the wards to 
contain nothing but the sick and the necessary ward offices. In addition, 
small wards (one or two patients) for special cases, to be provided off the stair- 
case, or, what is better, located at a dktance. 



Fig. 74. — Ward for 20 Wanldjeds. 

A. Ward. I D. Water-closet and Ward-sink. 

B. Nurae*8 room, with Ward window. j e. Bath-room and Ablution-room, 

c. Scullery. i r. Ventilated lobbies. 

Each bod to have from 87 to 1 10 fe(*t of sui^erficial space (viz., for strict regu- 
lation, 12 feet in the width of a ward of 24 
feet, and 7*25 feet in its length = 87 square 
feet), and 1500 to 2000 cubic space. Tlie 
Medical liegulations fix 1200 of cubic space. 

A ward to have only two rows of IhmIs — 20 
patients — should lie 80 feet long, 25 or 26 
broad, and 15 or 16 high. But as the Regula- 
lations give only 1200 cubic feet, a wanl for Fig. 75. 

20 men is 72 J feet long, 24 wide, and 14 SecUon of ward to show the bed. 

high. 

One window for every two beds, each window to be about 10 feet bigb, to 


I 


I 



Fig. 76.—- Drawing to show Beds and Windows. 

be double, or of plate-glass, to open near tlie ceiling. The walls to be of 


* See **Koteeon Hospitalii,** Sd edition, 1S6S, p. 56, etmq.; and ^‘Barrack Impsovement 
Rewn^** p. 175, MQr . ; the text U a eoi^nai^on of these two. 

f Miaa Nightingale has shown that theee am the limits of siae for the oomnon waids, on 
ajsooimi of ease of sapeiintindeBoe asid attendance, economy of labour, ventOatlion, ond eomfoii. 
Bach pavllioa, If two atorled, will then hold from 40 to 64 patients. 
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mAterial; eo as to be non-absorbent and easily washed. The 
floor to be of dense wood (oak prefsned), the joints to be perfectly do^ 
with impermeable cement; not to be scoured ; to be kept clean by wuo^ 
and rubbing. A nurse’s room and scullery oppodte, to be at one end of the 
ward : the apparatus for washing, and as fer as right for ward cooking, to be 
in the scullery. At the other end of the ward two projecting chambers, and 



between them a large end window. One chamber to contain bath-room and 
lavatory toble ; one basin to 6 men, or four for 20. The other ohamher to con- 
tain one closet for every 10 mmi (or under), and a sink. It would be w^ 
to add an nrin^ fiw which there is room in one com«r, as shown in Miss 
Nightingale's plan. The closets are usually of the syphon foraa, and of earthen- 
ware. 
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The ventilfttioxi to be by windows, dooxs, open fire-places; inlets placed 
above the men’s heads, and outlet-shafts at the side properly arranged with 
respect to inlets. (For construction and size see Ventilation and Bar- 
racKs). 

The supply of water to be at least 25 gallons per head, independent of the 
laundry. 

The wanning to be by radiation in great measure, in part by warm air 
proceeding from an air-chamber (see Warming). 

No dram to pass under a building; all pipes from sinks, lavatories, &c., 
to be in the outer and not the inner walls : all the drains to be ventilated. 
At the Herbert Hospital “the ward drainage is discharged into vertical 
drain-pipes in the outer walls, which drain-pipes are carried from a trap 
in the main drain below, straight up above the roof of the building, where 
they are left open to the air. A box of charcoal is placed over the upper 
opening.* 



Fig. 7S. — Lsril?oi(H^n* HcwpitAl at 

The kitchen to be placed away from the wards, its walls and ceilings 
to be cemented. The cooking must be of two kinds, — ordinary diets and 
extras. 

The foul linen to be at o^ce removed from the wards, and in large hospitals 
this is best done by a sl^ opening above, not mto the ward, but into 
the staircase, or a wcul-ventilated passage, and below into a small closet from 


Netw oa Honpitiil*. p. S4. 




302 


HABITATIONS. 


tile l^en should be frequentiy lemoved to the dirty linen store. XKe 
Uimdiy must be detached, never under the hospital 

The g^eral principle of construction is seen in the three outs (taken from 
^ Nightingale’s work), showing the Laribois^ Hospital at Paris, which 
circumstances have made the type of this system and the military hospitals at 
Woolwich and Malta.* 



Tie Herbert Hospital at Woolwich consists of four double and three single 
pavilions of two floors each, all rBise<l on basements. Them is a convaleiicents’ 
^y-Toom in the centre paviiiom The administration is in a separate block in 
front nie axis of the wards is a little to the east of north. Them is a 
corridor in the basement^ through which the food, medicines, coals, &c., are 


^ J® ^ {Bril. jn>r. MtA C%lr. 

nmm, isoo). will be lotuid pVm at stasU and laige bonplttli on tbs pasiUon syst^. 
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conveyed, and then, by a series of lifts, elevated to the warda The teiraces 
on the conidor afford easy means of open air exercise for the patients’ in the 
upper waid. The wwds are warmed by two central open &!e>places, with 
descending flues, round which are air-passage^ so that the entering air is 
warmed. The floors are iron beams, filled in with concrete, and covered with 
oak boarding. 



Fig. 80.— Ground Plan of the Herbert Honpital, Woolwich (from Miss Nightingale's 

booh). 

Such, then, are the general principles of construction and administration as 
applied in military hospitals at home. 

As another illustration of the same principles of constniction, the proposed 
General Military Hospifal at Valetta may be given. 

in the Tropics. 

The Barrack and Hospital Commission, in canydng out the plans of the 
Boyal Indian Sanitary Commission, suggest* for each sick man — 

Sumrficial area = 100 square feet, up to 120 in unhealthy districts. 

Cubical space = 1500 feet, or, in ui^ealthy districts, 2000 feet 

It is also directed that hospitals should consist of two divisions — 1st, for 
sick ; and, 2dj for convalescents — ^this latter division to hold 25 per cent of 
the total hospital inmates. 

Each hospital is to be built in blocks, to consist of two floora, the sick and 
convalescents to sleep on the upper floors only ; each block to hold only 20 to 
24 beds. 

The principles and details are, in fact, identical with those already ordered 
for the nome atationa 

These plans will dfect a great change in the hospital accommodation in 
India. Bie plan now adopted there is shown in drawing (fig. 124), which 


• Op. ril. p. 27. 
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rqpifQmto half of a& European hospital on the Bengal standard plan. Xt is 
very lamilar to the barrack, and consists of a cenl^ haU or ward, and two 
verandahs (inner and outer). The centre part is the administration and offices. 
The severai blocks are arranged m echelon. 



CHAPTER X. 


SEWERAGE. 

METHODS OF EEMOVING SEWAGE MATTERS. 

The absolute necessity of removing from our dwellings as rapidly as possible 
the solid and fluid excretions of men and animals will not be disputed. It is 
highly probable that to barbarouj and inefficient modes of removing excreta 
we must partly trace the prevalence of the diseases of the middle ages, and 
there is no doubt that a great amount of the diseases now prevailing in our 
large towns are owing to the same cause. (See Air.) 

When men live in thiiily-i^pulated countries, following, as they will then 
do, an agricultural or nomade life, they will not experience the consequences 
of insufficient removal of excreta. The sewage matter returns at once to that 
great deodoriser, the soil, and fertilising it, Ix^omes a benefit to man, and not 
a danger. It is only when men collect in communities, that the disposal of 
excreta becomes a matter literally of life and death, and before it can be 
settled, the utmost skill and energy of a people may be taxed. 

The question of the proper mode of disposal of sewage has been somewhat 
perplexed by not keeping apart two separate considerations. The object of 
the physician is to remove as rapidly as possible all excreta from dwellings, 
so that the air shall not be made impure. The agriculturist wishes to obtain 
from the sewage its fertilising powers. It is not easy to satisfy both parties, 
but it will probably be conceded that safety is the first thing to be sought, 
and that profit must come afterwards. 

There are only two modes of removing sewage from dwellings. It must be 
washed away by water, or it must be carried or carted away to such a dis- 
tance as to be innocuous, or partly washed away and partly carried by hand. 
It must not lie about houses, or be buried in pits, which is only one degree 
better, if, indeed, it is better. 

The quantity of excreta to be removed may be assumed, taking all ages into 
account, to be at least 2 J ounces of fjecal and 40 ounces of urinary matter. A 
population of 1000 persons will therefore pass daily 156tt) of solids and 250 
gallons of urine ; or, in a year, 25 tons of solids and 91,250 gallons or 14,646 
cubic feet of urine. If sowers are employed, this is diluted greatly with water. 

SECTION I. 

REMOVAL BY WATER THROUGH SEWERS— WET METHOD. 

If the supply of water be Isufficient, and if sewers are efficient, this fa by 
&r the Readiest and most inexpensive way of disposing of the excretions. 
The sewage matter fa at once diluted with water, and washed away to a dfa- 
tanoe. On the other hand, if sewers are badly made, and if the amount of 

u 
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water be inBufficient, they are worse than useless, as they have the appearance 
of efficiency without the reality. 

In order that sewers may be efficient, they must bo well constructed, have 
a .proper ML and water supply, and be properly ventilated. If there be 
enough water, and if the rainfall be great, they should not be used for carry- 
ing off surface water, especially in India, where the rains are so heavy that no 
sewers could be large enough for this. They must never open into the base- 
ment of a house, as no traps will prevent the gases from rising into the warmer 
atmosphere of a dwelling-house ; but they should open into detached or semi- 
detached bxuldings, with good ventilation in the connecting passage. 

If these points are not attended to, they become worse than the old cess- 
pits, the gases from which escaped at any rate into the free atmosphem ; 
whereas in sewers the gases are often confined in a small space, and press with 
a force great enough to throw hack the atmosphere through all openings. 

Size and Siiajk of Sewers, — A convenient division is into house drains and 
street drains. The former are now almost invariably made of well-glased 
round earthenware pipes — the latter of good brick, well set and cemented, 
and of the form of an egg, with the small end downwards. The Iwst size for 
circular house drains is considered to be 4 to C inches diameter for closet and 
sink drains, up to 15 inches diameter for the larger house drains, which 
should never be smaller than 6 inches. Tlioy ought not to bo more than 
two-thirds fuH It is generally considewKl that the size of the street or main 
drains should be enough to allow a man to crf*ep thn^ugh, but some engineers 
consider this unnecessary. Tlie general opinion, however, is in favour of 
making them this size.* In Paris tlie main sewers an.* made vrith iiaths on 
each jside, just ahovc the stream ; a tramway nins on one side which caries a 
machine, which can at once clear the bottom of the 8t»wer ; the entrance of each 
house-drain is marked by a porcelain plati* Wring a number ; the owner of the 
house pays a small sum (3 francs) annually to luive his house-drain kept clean. 

Fail and Veliwity of Current, — For pijK*. hoiis<* drains engineers usually 
give a fiill of 1 in 48 ; for street drains the fall is much less — from 1 in 50 to 
1 in 300, or even le-is. The fall deismds on the size?. Mr Wicksteeii givm 
the following table to show the amount of fall for iliffercnt If it 

admitted tliat a velo<!ity of alxmt 220 feet jH»r minute is the best for house 
drains, and 180 fcTet i»<*r niintib^ for the largi^r sirnd drains, the fall rcf^uired 
would be, in the first ciise, frcun I in 65 to 1 in 87, and, in the Si^*ond case, 1 
in 244 or 1 in 784, acconling to the size of the drain. Occasionally, with a 
good supply of water, and when well-made, sewt^rs have been kept clear with 
scarcely any fall, but it is hazardous to trust to this. 

Sneers, 

VeliK'ity 

Diameter. is feet per 

miimte. 

4 inches . 240 

6 220 

* An immeiMie ainotmt of diectioiiion bos token |>lace a« to whether it woulrt not he better to 
hare the main sewers of drenUr pim dnUmi of IS inebee diameter, iroitead of building them of 
brick. The report! of the General Boanl of Health were in favour of auch a plan, hut the very 
long dticiiadoa at the Inetitute of Ctrl! Enmneera (IStS and ISSOl »how«d tnat m opiniotia of 
engtneeni were oppoeed to thia plan. Btilf H has acted well in eorae ouiei. At Alnwick, In 
Ndrthnmberlaiiil, it iairtatedi^'BaggeetionaforBaiiitary Workaiii India,*" Htm-Bimk, p. 6), 
that apipe of IS inebee dhniMter, mh a fall d* 1 in 400, oerve* a town of 7000 inhamtoitU. with 
1400 water doeoto. The oupply of water is 16,000 gailona daily, or 21 gollona per head* In 
other tdoeea, however, the pipe main drain* have hem found oo deibcyve, no liable to hrealcage 
and eleggiiig, that they have been token up. On the whede, the opifira of the nud^^rtty of 
etiglaeeieia at preeetd oppoeed 


Gradient 

retjuired. 

1 in 36 
1 65 
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Diameter. 

8 inches 

9 „ 

10 „ 

15 „ 

18 „ 

21 „ 

24 „ 

30 „ 

36 „ 

48 „ 

Caleulation of ilie Discharge from Sewers. 

Sewers . — Several formuhe have been given, of vhich the following is the 
most simple ; it is also fairly correct. 

Ascertain the hydraulic mmif depth when the sewage is flowing, and the 
amount of fall in feet jier mile. Tlie hydraulic mean depth is |th the diameter 
if the pipe is ninning full ; if the pii)e is not fuU, it is the section area divided 
by the wetted perimeter. The wetted j)erimeter is that part of the circle of 
the pipe wetted by the fluid. The fall in feet per mile is easily obtained, as 
the fall in 50 or 100 or 200 feet can be measured, and the fall per mile cal- 
culated (5280 feet = 1 mile). Having got these numbers, multiply the 
hydraulic mean depth by twice the fall in feet per mile), and take out the 
square root. Multiply this by 55, and the result by the section area.* The 
number obtained gives the amount in cubic feet per minute. 

Lagitig ami Connection of Sewers. 

Tlie greatest care is necessary in the construction, so that there shall be no 
breakage ; pipe sewers must rest on a hard, well-formed bed ; the fall should be 
as regular as possible without sudden differences of level ; if there is a great 
difference of level, a manhole must lie provided. The manhole is now often 
provided witli a sliding iron cover to prevent passage of sewer air ; or by the 
side of the manhole a ventilating chamber is placed, into which the sewer air 
passes, after having first jmssed through horizontal or vertical charcoal trays. 
At junctions of sewers right angles must be avoided, and curves with a large 
radius given, the radius of no curve on a main sewer should be less than 10 
times the cross sectional diameter of the sewer. Traps must be inserted at 
the junction of house and street drains^ and the common syphon is now 
usually preferred. Tlie best hydraulic lime must be used for mortar. 

Vent^tijOfi and Purification . — As gases are largely disengaged, and natu- 
rally rise to the upper eml of the sewer, there is a continual danger of their 

* The formula is- V«66 x (VD x 2F) x A. 

V =s velocity in cubic feet jier minute. 

Dshvdmulic mean heptb. 

F—fAl in feet per mile. 

AesecUon area. 

Mr Hawkesley’s formola is— 

V=•77^^~^C^’ 

4T2pr 

velocity in yards per second, 
f^length of pipe in yards. 

A»head in in<mM. 
dasdiameter in inches. 

The result must be mnltipUed by the section area to ghre the cubic amount. 

U 2 


continued. 

Velocity 
in feet per 
minute. 

220 

220 

210 

180 

180 

180 

180 

180 

180 

180 


Gradient 

required. 

1 in 87 
1 „ 98 
1 „ 119 
1 „ 244 
1 „ 294 
1 „ 343 
1 „ 392 
1 „ 490 
1 „ 588 
1 784 
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paasipg "back into the house in spite of traj» ; there must, therefore, be mwy 
openings into the drain sewers, and especially just where the hou^ drains join 
them, so that there may be no pressure on the trap. House drains should be 
ventilated near the closet by a pipe running up above the house. The best 
mode of ventilating is by pipes running up into the air ; means of aspiration 
by fiimaces and chimneys have been proposed, but the openings into a sewer 
are too many for this to act efficiently. The street lamps have been used 
with advantage as pipes. In certain cases the wind blowing through the 
open outlet has forced back the sewer gases into houses, and this is likely to 
occur when the sewer opens above a river or the sea, or if the mouth is left 
open by the ebb of the tide. 

Trays of charcoal (as recommended by Stenhouse) have been used with 
great advantage by Letheby and others, to absorb the foetid gases of sewers, and 
in every ventilating pipe there should be one or more trays. Mr i^wlinson 
now regularly employs them in the sewers of evoiy town he drains, ^e 
charcoal must be rather small — not too thick, and several trays witli a little 
charcoal are better than olle thick mass. Tlie objection is tliat the passage 
of the gas is sometimes stopped, and it hnds a readier exit elsewhere. It 
should be seen that this is not the case. 

The causes of choking of sewers are : — 

1. Bad lines and gradients. The information on this point must be ob- 
tained from the engineer. It should be the first jx)int inquired into when a 
disease connected with sewage prevails. 

2. Imperfect form and workmanship, so tliat an obstruction is given to 
the flow, from excessive friction ; large, w'ide, flat sewers are very liable to 
chokage from this cause. Sulisidence of the sewers in loose soils and fracture, 
so that the contents escape into the surrounding soil. Sewers made of porous 
brick allow the fluids to percolate ; the milids remain and accumulate. 

3. Forcing back of sewage at the outlet by tides or by accumulation of 
water frxim rains. Winds also force back sewer gases. 8o that the mouth 
of sewers should be protected. 

4. Defective water supply. 

Amount of Water, — It has already been stated in tlic “ Cliapter on Water,” 
that to keep sewers clear the amount of wat<*r in addition to raimiall 
must be 25 felons per head daily. If the fall is Imd, it should be more. In 
addition, flushing, t.c., the sudden passage of large bodies of water into the 
sewers, must be employed. It is, indeed, refrommentled by those best ac- 
quainted with the subject that all sewers should Im flushed once a-day. 

CkmpoHtim of — As found in sewers, the excretory matter is greatly 

diluted, and is largely mixed with other matters, which find their way into 
the sewers, especially through the suriacc drains. Many analyses have l>een 
made which agree tolerably closely. In Loudon, where abciut 40 to 50 
gaUons of water per head d^y pass into the sewers, the sewage is often not 
more concentrate than some shallow well waters, and drinking water in 
various parts of the world has often been more impure. It is this immense 
degree of dilation which renders the application of sewerage materiais to land 
so difficult and unprofitable, so that, according to Mr Lawes, it is impossible to 
look for a good financial return for the outlay exi)eiided on works intended 
to apply the sewage to the land.* To get any return an enormous quantity 

* The Ttliie of the dilated mmm has varioniily celailsted ; this hes heea Uitially done 
by taking the qiurnttlies of s nuaon fi, phosphoric acid, and potash (the three ralnahleimiatmienta 
^sew^), as given hy analyeis per ton, and then esUmating the valae acoonUag to the market 
prke of these three sttbetan^ It la believed, however, that the vahie is not more than Sd or Id. 
per toi^aUdedaetloiia being mado, Some years ago It was calonlated by Mr Bandgette that 
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of the diluted sewage has to be used ; Lord Essex found that the sewage of 
Watford, with 4000 people, was only sufficient for 60 acres. Used in this 
great proportion, it is, however, very fertilising for the grass crops, and espe* 
cially for Italian rye-grass. The composition is fairly represented in the fol- 
lowing analyses : — 

exposition of Sewage Water f 



Grains per gallon. 


1 

2 

8 

4 

Organic matter (soluble!, . 

„ (suspended), . 

19-40 

3910 

41*03 

17 

12-3 ) 
24-37 / 

9*20 

Lime, 

10*13 

14-71 

12*52 

11-25 

Magnesia, .... 

1*42 

1*82 

1*59 

1*35 

Soda, 

4*01 

2-40 

2*41 

1*89 

Potash, 

3*66 

3-57 

3-31 


Chloride of sodium, . 

20-40 

22*61 



Sulphuric acid, 

5*34 

5*31 

6*40 


Phosphoric acid, 

2*63 

5*76 

2*48 

0*64 

Carbonic acid, 

9*01 

8*92 

11*76 ) 

A >77 

Silica, oxide of iron, oxide of zinc, 

6*20 

13*55 

6*46 ) 


Ammonia, .... 

7*48 

8*43 

7*88 

... 


134*78 

14511 

125*78 



One ton of London or Kugby sewage contains only firom 21b to 3Ib of solid 
matter (Lawes). 

The amoiint and composition of the gases evolved fiom sewage has been 
already given. (See Air p. 76.) 

Examination of Servers, — In case there is any suspicion of diseases being 
connected with sewage, the examination should be conducted in the order of 
the previous paragraphs, viz., the kind of sewers ; their fall ; the velocity of 
the current in them, and the amount of their discharge, actual (if it can be 
ascertained) and calculated ; their condition as to construction ; ending and 
trapping ; ventilation and amount of water. The facts just given will 
serve as a guide to show if any defect exists in any of these points. 

Diipoml of the Setvage Matter, 

The following plana are in use : — The sewage runs into a tank, and is then 
removed from time to time; or it is passed into a river or the sea, or is 
allowed (after settling or treatment with deodorants) to flow over land. 

.T^re is now a strong feeling against sevrage passing into a river; it con- 
taminates the water which may be used for drinking, and the evidence we 
now have of the effects of impure water make it imperative that this plan 
should be given up. Besides, the amoxmt of substance of all kinds cani^ is 
sufficient to silt up the beds of even large streams. It may be considered 
that the disposal in running streams will not long be permitt^t 

no less then 461,000,000 gallons of water pissed daily fh>m the London sewm ; this incladed 
rain water. This will show the immense dilntion of the sewage. 

• Way— Second Report of Commission on Sewage of Towns, 1861, p. 69. seg. 

t See Second Rep>rt of the Commis8i<m appointed to inquire into the oest mode of distri- 
buting the sewage of towna— 1861, 
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It maj be oanied into the eea if a town be conveniently situated, but then 
it must be canied well out beyond low-water mark or else the efBuvia caused 
the mjyiTig of the organic matter and sea water will be both a nuisance 
and injurious. It must never be discharged into a tideless sea unless it can be 
thrown into a current which may sweep it away, otherwise it accumulates 
near the shore, and being covered only by shallow^ater, soon becomes little 
better than a cesspool 

What is to be done with the diluted sewage in an inl^d town ! If it 
were strongly fertilising, there would be no difficulty ; but it is not so. It is 
not profitable to apply it to land unless it can Ihj made to pass over the land 
by gravitation. If this can be done, the best plan ajpp^^ers to be to receive it 
into settling reservoirs or trenches, so that the thick viscous parts may subside ; 
to let the thin portions flow over land, and then to mix the thick parts with 
coal refuse, street sweepings, &c., and to cart it away. It will pay the expense 
of carting, but jiot much more. The trendies are usually made 4 or 5 feet 
deep, 18 inches wide at the bottom, and with slojies of 1 to 1 ; the sectional 
area of the trendies is from 10 to 20 times greater than the area of the out- 
let of the sewer, so that the sewage flows slowly. Hurdles and wickerwork 
strainers are placed in the trenches, to lessen flow and encourage subsidenca 
In the reservoirs, filtering IxmIs have been put, and it has been attempted 
to filter it, both by ascent and descent. On a small scale this answers, I 
believe, but not on a large one ; the filters constantly get clogged. 

The most hygienic proceeding was that adopted at Leicester. Tlie sewage 
water, which averages about 40i gallons ]M»r head daily, was received into a 
tank and mixed with lime. The solid matter was so j>erfiKjtly precipitated 
that the supernatant water ha<l no taste, and could Ik? allowed to pass into 
streams without injury. Unfortunately, the thick part left liehind has 
scarcely any fertilising power, os tlie ammonia is lost ; and therefore this 
method is not financially successful 

When the sewage is allowed to flow over land, it is absorbed in largo 
quantities, and so rapid is the deodorisation that no nuisance is creat^ 
Still the power of the soil has a limit, and sometimes the sewage water has 
passed insufficiently purified into streams , and actions have b^n brought • 
against the authorities of some towns for {)ollutiug the streama If there is 
at any time more sewage than the land can receive, deodorants must be em- 
ploy^ 

It does not appear that any diseases have been produced by the applica- 
tion of sewage to land. (See Air, p. 93, for further detaila) 

As the great dilution of sewage is the main cause of the financial failures, 
it has been proposed to divert the surface water and nun-fall fjx»m the sewers 
and convey it by separate channels. Mr Wani’s phrase, **tlie rain to the 
river, the sewage to the soil,*’ has become celebrated, but it must lie remem- 
beied that the rain is the great |iurifier of sewers ; without it, there are few 
which would not clogg^, unless they are well made and are well supplied 
with water. 

Form of Waier-CkMida, — On this point little need be said ; many patents 
have bemi taken out, but practically they almost all resolve tliemselvee into 
some modification of the syphoa A simple syphon, with a good £krw of 
water (10 galhms), is as* good as anything, and it is easily cleaned if it gets 
out of order. Mr Jennings has patented a syphon with a plug which would 
seem to render refliu of gas almost impossible. The flow m water can be 
eonneded with a handle, the seat, or the door of the closei The latter is 
the most certain plan of ensuring that water in sufficient amount is poured in. 
In banacks, water latrines are instead of closets (see Bameks, p. 275.) 
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SECTION II. 

REMOVAL IN SUBSTANCE~DEY METHOD. 

The use of sewers, and removal by water is in many cases, impracticable. 
A fall cannot be obtedned ; or there is insufficient water ; or the severity of the 
climate freezes the water for months in the year, and removal by water can- 
not 1)6 attempted. Then^either the excreta will accumulate about houses, or 
must be removed in substance daily or periodically. Even when water is 
abundant, and sewers can be made, many agriculturists are in favour of the 
dry system, as giving a more valuable fertilising product ; and various plans 
are in use. 

In some, the solid and liquid excreta pass into boxes or tanks, which are 
emptied daily, and the sewage is at once applied to landVithout further 
treatment. This system is profitable ; it is carried out in England in some 
barracks ; and Liebig has given an account of the barracks at Jladen, where 
tlie excreta of about 8000 men are removed daily, and have converted the 
Siindy wastes about Rastadt and Carlsrulie into fertile corn fields. The 
annual profit was in 1858, L.680 ]>er annum. If this can be done effectually, 
it is the iKjst j>lan ; it should not l)e applied in the immediate neighbourhood 
of dwellings, and the Barrack Commissioners have ordered that it shall not 
be nearer barracks than 500 yiirds. 

In other cases, the soil being removed daily, or from time to time, is taken 
to a manufactory, and there subjected to manipulations which convert it into 
a manure. 

Under the term Poudrette,” manufactories of this kind have been long 
carrieil on in France, though they are said not to be very profitable. At 
present, however, a portion of the nitrogen of the urea is converted into 
ammonia, and is united with sulphuric acid, and comes into the market as 
sulphate. In England also, theixi an*, several manufactories, among others, the 
“ I^atent Manure Eureka Company,” wdio reduce the soil to one-seventh of its 
bulk by the application of heat, and obtain a saleable and good manure. 

There have l)een great discussions as to the salubrity of the French 
lK>udrette manufactories, aiul the evidence is, that they are not injurious 
to the workmen or to the neighbourhooil, although often incommodious. 
But the poudrette can take on a kind of fermentation wliich renders it 
dangerous, and Panmt Duchlltelet has recorded two casai of outbreaks of 
a fatal fever (typhoid ?) on lK)arti ships loiuiod with poudrette. 

Very commonly, however, some deiHlorising substance is mixed mth the 
soil before it is removeil from the house, and it is then at once applied to 
land without further pre])anition. l)rie<l surface o*irth (marly and clayey 
earths are the best, but all may be imnl) has Wn strongly recommended for 
this j)uri)ose.^ Boxes to contain dry tMurth art* now made, which are placed 
above the pan, and, instead of water, the earth is allowed to fall over the soiLt 
ITiis plan is the best wliich can \w a<loi)tetl when water cannot be used, but 
the removal of the soil should be fm|uent. The plan is attended vith fer 
more trouble than the removat by water, since the earth must be dried in an 


• Sfie ei»p©dally the papera of the Rev. H. Mowle. ** Jontral of the Agricoltiml Bodety,’* 
No. I. p. Ill (IheS). ‘'National Health and Wealth/^ 1861 (pamphlet). 

* t Wr Moule statoe the qnantity of earth to he one* fifth of a ton head for twelve months, 
or very nearly lift) of eaiili dally per head. 
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orm^ plaoed in the box, and the soil removed ; but, on the other hand, it 
gives a product of much higher manurial value. The same earth may be r^ 
dried and used over again even for live times; the smell of the soil is 
destroyed almost immediately. 

In addition to earth, ch^oal has been used ; it is very effectual, but 
expensive. M^DougaU's powder (carbolates of lime and magnesia) have also 
be^ used, and sprinkled on Ihe soil ; they arrest putrefaction for several 
days. 

The “ dry qrstem” is coining into great use in India, and is being carried 
out there with great attention to detc^ The following is a condensation of 
the regulations of the Bengal Government on this point.* It will be observed 
that only in a country with plenty of labour could such a system be carried 
out 

The general arrangement of the privy is that given in the standard plan of 
the Bengal Government (1858). It is a series of seats, open at the back, 
where there is an inclosed sjiace for the convenience of the swoejiers who 
remove the soif The height of the seat is 1 8 inches ; a moveable pan 8 
inches in depth, resting on a solid foundation 9 inches high, is placed below, 
80 that it exactly fits in under the seat. In rear of the seats is an inclosed 
space where a sweeper is constantly stationed ; directly a jmn is used he 
removes it, empties the contents into an iron receptacle, rinses it out, jiours 
the rinsings into the receptacle, and replaces the ]>au, leaving in it 2 inches 
depth of clean water. 

Once a-day the pan is scrubbed inside and out with wood ashes or broken- 
up charcoal, and once a month is coated with Dhooua (resin). The |mn is 
made of enamelled iron, or if this is not procurable, of kiln-dried, glazed 
earthen vessels. 

The urinal is an enamelled iron |»an, with an upper iron sloping upwards 
and outwards, so as to extend 1 ^ inch beyond the 8i4e of the vessel, to catch 
drippings ; it stands in an iron tray 1| feet in diameU^r, filled with broken-up 
ch^oal and wocxl ashes. Tlie urinal is emptied night and morning, and 
scrubbed once a-day with wood ashes and charcoal. A privy should contain 
8 seats, and is calculated for a comiNuiy of 100 men (1 seat to 12 men). 

Three receptacles are provided for each privy, two for the soil and one for 
the urine ; they are kept behind Uic screen-wall in rear, and the sweeper 
empties every'thing into them. Tliey measure (ap|>aTently, for the dimensions 
are not explicitly given) 3 feet by 8 inches, and 18 inches higli. The exact 
size is a matter of no moment, provided they ore not too lor^ to be easily 
handled. They are air-tight 

The faeces and ttarine l^eing collected in these receptacles, they are removed 
daily in carts provided for the purpose, and arc carted away to pits at least 
half a mile from the nearest barrack. Here the receptacle is emptied into pits 
each 10 feet deep, G feet in diameter, and 9 feet distant from each other, so 
as to allow a cart to pass. One set of pits is used ft>r soil, one for urine. 
Quicklime is thrown into the first ; but not into the second, on account of 
the action of the lime on the urea One privy {)an takes 3 ounces of quick- 
lime, one reoeptade 6 ounces, and 20 ounces is thrown into each pit whme 
the sewage of a r^gunqnt is collected. 

An orderly is appointed to inspect every privy twice daily, ami the 
sweepm are placed under his orders. The officer commanding e^ battery, 
troop, or company, inqtects the privies, &c., four times in a and 

reports to the effloer commanding. ^ 

* Msdnui Madicftl Jeunitt, Novefnbrr 1863 , p. 415 . 
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There can be no doubt of the general excellence of this plan, but some 
su^estions may be made. 

Yrhy should all this rich fertilising matter be thrown into pits, which 
become, in &ct, cesspools, and though closed up now, may at some future 
time be opened? '\^y not apply it to the land at once? There is no 
spot in India, even the most sandy plain, where this sewage would not 
suffice to grow any amount of fresh vegetables for soldiers. Use it for 
soldiers’ gardens, as all our present experience shows, that the disinfecting 
power of earth is so great that there is no danger. It might be kept at 
one>third of a mile from the barracks to remove all possible risk. 

Then again, why use lime, which is by no means so good a disinfectant 
as dry eai^, and most costly? And why not, by a simple arrangement lika 
that proposed by Mr Moule, allow dry earth to fall into the seat, and thus 
lessen the amount of labour required? In many colonies, it would be 
impossible to command the services of ton men per regiment constantly for 
this duty alone ; and even in India, it may be questioned whether the rise 
in the price of labour which is now going on will long permit such a plan 
to be continued. By the earth closets there would be a great saving of 
labour, as the pans need not be emptied oftener than once a-day.* 


SECTION III. 

MIXED PLAN OF REMOVAL BY HAND, AND SEWERS 
WITHOUT WATER. 

In Paris, and some other continental towns, a mixed system is in operation, 
llie receptacle is pierced vdih holes, tlirough which the urine passes and 
flows away in sewers; the solid soil is retained in the receptacle, and is 
])eriodically removed. The removal is accomplished by taking away and 
replacing the receptacle, or by pumping up the soil by means of a large 
exhausting s^'ringe and hose. Deodorant substances are sometimes mix^ 
with the soil, and the receptacle is ventilated by a pipe carried up and 
Oldening in the fret', air. In tliis way, the cliances of clogging of sewers are, 
it is sup|K>8ed, almost avoided. 

After the soil has been removed, it is mixed in Paris with lime slaked with 
urine, which would seem by no means a good plan, and is then removed to 
the l^d. Tliis is called Chaux animaliz6e,” and in 1863 was sold in Paris 
at 388. per toiL+ 


♦ Since the sliove wa« written, a paper has been pubUahed by Mr Ck>niiah, of Madras (''On 
Some Unaolved Problems in Relation to Public Healtn,” No. 1, Madras, 1864), which Mts forth in 
a striking way the advantages of a good system of dr)' conservancv for India. Mr Cornish has 
trived a plan of obtaining the solid excreta separate from the unne. The fseces are receh'ed into 
a flat sanoer-shaped receptacle, which has been soaked in coal>tar and then dried, and in which 
some wood ashes are put. The urine does not flow into this vessel, but into an asphalM tube, 
which runs to a reservoir. There is also an uriflal placed against the waU, and the urine runs 
through a acretm of charcoal ami then into an urine reservoir outside, which is nearly filled with 
dry earth. The reason of the filtration is to absorb the mucus, and thus to delay decomposi* 
tion. In the Puigaub jails, the following system has been arranged by Dr Hathaway (ComiMi, 
Appendix). These latrines are free from all odour 

1. No lime cement ia used in thg masonry. 

2. No cesspools, or reservoirs, or pipee, leading out of the latrine or urinary are allowed. 

8. No water is allowed to fimOi the ground or flooring, which is kept perfectly dry. 

4. The flooring is of earth, made with 4 inches of dry sandover aUyer of weU-iwminedclay. 

fl. All r^se is at once removed, 
fl. No lime is allowed to be sprinkled. 

t How can our Town Sewage be beat Preserved and Utilised f By J. Edmea t on. 1868, p. 3. 
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SECTION IV. 

SEWAGE DEODORANTS AND DISINFECTANTS. 

A veiy great niunber of substances have been added to sewage for the pur- 
pose usually of preventing decomposition and retaining the ammoniacal com- 
pounds. In the chapter on Air (page 78) several of the chief deodorants and 
disinfectants of air were enumerated. Here I shall refer only to those used 
for sewage : — 

1. Charcoal — ^which soon, however, gets clogged and loses its power — ^it is 
not nearly so useful when used in this way as in the purification of air. 

2 Dry earth, especially in marly and claj’^ey soils, the effect is similar to 
charcoal, but it is not so soon clogged, and when mlried the same earth can 
be used agaim It is dried in a common oven, or in any convenient way. 

3. Quicklime and water added till a deposit occurs, leaving a clear fluid 
alwve. This is chiefly caused by the lime forming insoluble s^ts, by union 
with carbonic and phosphoric acids, and mechanically carrying down the sus- 
pended matters. The sulphuretted hydrogen forms suljjhuret of calcium, 
which remains in the sujiematant fluid. The ammonia is scd free. Tlie 
jiotash s^ts remain in the liquid. Five-sixths of the phosphoric acid are in 
the precipitate. No organic matter is precipitated except mechanicfdly. The 
solid deposit has little value as manure. The lim(j delays, but does not pre- 
vent the subsequent decomj position of the animal vegetable matters, and as the 
sulphuret of calcium easily d(KJomjKist\s, sulphuretU^d hydrogen is very liable 
to be again set free from the clear fluid. 

The process, though simple and cheap, is by no means j>crfi 3 ct The addi- 
tion of charcoal to the lime does not materially modify the result. 

From 15 to 16 grains j>er gallon of quicklime are enough for 1 gallon of 
sewage, or 20 cwt. per million gallons. At Leicester 580 tons of quicklime 
were used per annum for 4,700,000 tons of sewage. 

4. Cheap salts of alumina, and then lime, or alum sludge, lime, and waste 
animal charcoal (Manning), or zinc and cliarcoal (Stothert’s process). 

The alumina piecipitated by the lime forms a very bulky jirecipitate, well 
suited to tlie entanglement of suspended matters. The chiarance of tlie sewage 
is more perfect than with lime alone, but (»iber>vi8e tins process and the objec- 
tions are the same, and the cost is greater, llie whole of the phosphoric 
acid is precipitaUnl as phosphate of alurama. To a gallon of sewage were 
added 73| grains of sulphate of alumina, 3J grains of sulpliate of zinc, 734 
grains of charcoal, 16} grains of quicklime. 

5 Superphosphate of ma^iesia, and lime water (Blyth’s patent). The idea 
was to a substance, which, in addition to deodorising, might be useful as 
a injure, and it was thought that a double phospliate of magnesiii and am- 
monia would be thrown down ; but this salt is sufficiently s<duble in water, 
especially when the water contains chloride of s^Hlitim, to render this expecta- 
tion incorrect. This methoil has been practically found to lie useless, and to 
t>e more costly than any other plan. 

6. M^Doufj^Fs Patent. — Sulphites of lime and magnesia, mixed with pro- 
ducts from tar, impure carbolic (or phcnic mud) fonning cuirbolates of lime and 
magn^ The fermentation is arrested by both classes of substances. The 
s^phites destroy sulphnietted hydrogen ; their action, however, is transient, and 
th^ theimlv^ are very liable to change ; the tany product hare a greater 
action, which is supposed to be markedly witiseptic. His disinfectant is sold 
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in powder and liquid, and must be ranked among the first, if it is not the 
first. Ihe sewage is not precipitated by this process. This is a lime process 
with improvements. 

7. Perchloride of iron. — ^When this salt is added to sewage, a precipitate 
of peroxide of iron is caused by the carbonate of ammonia, which forms so 
rapidly in sewage, and carries with it all the suspended matters of the sewage. 
A clear fluid remains above. The sulphuretted hydrogen falls in the precipi- 
tate as sulphuret of iron. 

Both precipitate and supernatant liquid are free from odour. 

This substance has been tried at Croydon and Coventry. From 14 to 29 
grains per gallon of sewage are necessary for London sewage ; for Croydon 
sewage from 6 to 16 grains were necessary. One gallon of liquid perchloride 
was sufficient for 15,000 gallons of sewage (Hohnann and Frankland). 

The porchlorides of iron can be manufactured by dissolving peroxide of 
iron in hydrochloric acid ; the different iron ores, refuse oxide of iron from 
sulphuric acid works, iron rust in foundries, &c. Another plan is to take 
equivalent proportions of common salt, sulphuric acid, iron rust, and water, 
so that chlorine, when disengaged, sliall combine with the iron. A hard, 
yellowish material, not very deliquescent suljstance, containing 26 per cent, of 
jKirchloride of iron, is formetl, which can be transjx)rted to any distance. The 
price, “ if made in tliis way, is L.2, 7s. per ton (cost of labour not included) 
in England. 

The jierchlorido acts both on sulphuretted hydrogen and on sulphides, in 
both cases setting free sulphur. In sewage its ordinary action is on sulphide 
of ammonium, and is as follows. 

2Fe,CT, + 3[(n,X),S] = 2Fc,S4-6H,XCl-|-S. 

Objections have been made to the perchloride, as it contains arsenic ; but 
the amount of this is small, and as it falls with the deposit it is never likely 
to be dangerous. 

The chldritles of lime and zinc, the nitrate of lead, permanganate of potash, 
and other salts already noticed (p. 80) as used in the purification of air, are 
Uk) exixjnaive U) lie used on the large scale for sewage. 


General Conchmons, 

Bearing in mind that the problem with which we have to deal is the im- 
mediate and complete rtnnoval of excreta from our dwellings, the following 
conclusions seem jusiifieil : — 

If our opinion is asked n?gaixUng the best method to be adopted in a tem- 
perate climate, we should advise rtuuoval by water, provideil tliere is water 
enough, good fall, and pro|X‘r moans of dLs|K)Siil of the sewage, and, of course, 
available materials for proiwrly constructing the sewers. All these points 
should bo carefully considered. It must be understood, however, that this 
plan renders the sewage com])aratively valueless. 

If the plan by water cannot l>e adopted, one of the liry methods must be used, 
and of tiiose the mixing wnth dried tutrih is the cheajiest and prolmbly the best. 
This rec^uires, however, much greater labour and 8uj>erintendence ; but if the 
soil is saleable it may repay this. Even if not salcMible, it may be consideied 
to fairly repay its cost, in the case of Iwirracks, if it is applied to soldiers’ 
gardens. In many stations, where water is scnrce, this plan must be adopted. 
Only until there is grater evidence al^ut the complete deodorisation and in- 
nocuousness of the mixed soil and earth when retaincnl in houses (especially 
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the tropics), it would be desirable to have the earth closets always extenud 
the houses, and, if possible, the soil should be removed daily. 

M^DougalVs carbolates are probably more efficacious than earth, but are not 
BO convenient ; next to the carbolates, or equal to them, comes the perchloride 
of iron. Either of these can be safdy recommended. For urinals, in order 
to prevent rapid decomposition, the addition of a little carbolic acid will be 
found most useful, and k the urine, after being thus treated, is allowed to flow 
into dry earth, a 'Suable manure is obtained. 



CHAPTER XI. 


WARMING OF BARRACKS AND HOSPITALS. 


Thb heat of the human body can be preserved in two ways : — 

1. The heat generated in the body, and which is continually radiating 
and being carried away by moving air, can be retained and economised by 
clothes. If the food be sufficient, and the skin can thus be kept warm, 
there is no doubt that the body can develop and retain its vigour with 
little external warmth. In fact, provided the degree of external cold be 
not too great (when, however, it may act in part by rendering the procur- 
ing of food difficult and precarious), it would seem that cold does not imply 
deficiency of bodily health, for some of the most vigorous races inhabit the 
cold countries. In temjierate climates there is also a general impression (and 
such general impressions are often right), tliat for healthy adults external 
cohl is invigorating, pro\dded food l)e sufficient, and if the internal warmth 
of the body is retained by clothing. 

2. External heat can lie applied to the body either by the heat of the 
sun (the great fountain of all physical force, and vivifier of life), or by 
artificial means, and in all cold countries artificial wanning of habitations 
is used. 

The points to deh^miine in re8]X5ct of habitations are — 

Isf. What degrtje of artificial warmth should be given. 

2(t What ore the different kinds of warmth, and how are they to be given. 


SECTION I. 

DEGREE OF WARMTH. 

Far Healthy Peream , — There apiHMirs no doubt that both infimts and old 
})eraons require much artificial warmtJi, in addition even to abundant 
clothes and food. The lowering of the external temp(‘mture, especially 
when rapid, acts veiy depressingly on the very young and old, and when we 
remember the extraordinary vivift^ing effect of warmth, we cannot be surprised 
at this.* 

For adult men of the aoldior*s age, who are properly feil and clothed, 


* Intnilkm Mptrimeati oa aaliiMlt prore bow dwiUi may he ivUiddi bv ipplyiiia waimth; 
and Vaieniiit't eitMurimmita on kiUliigaaiiiMla by cooUna tbeir akiim with an Imiwiinoabla camani 
•bowi Iba aania tiling avan mora bmsibly. Bum atiiin^, ereti whan at tba point of daalb, warn 
wmidarhffiy raiiisdtitad by wamtb, a good hint tons to employ tblipowanblagaut in appro* 
piiiti r 
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it is pxobalble that the d^ree of temperature of the houro is not very 
materia]^ and that it is chiefly to be regulated by what is comfortable. 
Any temperature over 48® up to 60® is felt as comfortable, though this is 
dependent in part on the temperature of the external air. It seems cer- 
tain that for healthy well-clothed and well-fed men we need not give our- 
selves any great concern about the precise degree of warmth. 

Por children and aged persons we are not, I believe, prepared to fix any 
exact temperature ; for new-born children a temperature of 65® or 70®, or 
even more, may be necessary, and old people bear with benefit a still 
higher warmth.* 

For Sick Peraom , — ^The degree of temperature for sick per^ns is a matter 
of great importance, which re(iuii-es more investigation than it has received. 
There seems a sort of general rule that the air of a sick-room or hospit^ 
should be about. 60® Fahr., and in most continental hospitals, warmed arti- 
ficially, this is the contract temi>erature ; but the propriety of this may bo 
que8tioned.t 

There are many diseases greatly benefitted by a low temperature, espe- 
cially all those with preternatural heat. It applies, 1 believe, almost with- 
out exception (scarlet fever ?) to the febrile cases in the acute stage, that it 
is desirable to have the temperature of the air as low as 50® or even 45® or 
40®. Cold air moving over the body is a cooling agent (»f great i>ower, second 
only, if second, to cold affusion, nor is there danger of l)a<l results if the move- 
ment is not too great. The Austrian exi>eriment« on tent hospitals^ show con- 
clusively that even considerable cold is well borna 

Even in the acute lung affections this is the case. Pneumonia cases do 
best in cold wards, providtxl there is no grt'at curnuit of air over them. 

Many cases of phthisis bear cool air, and even transitions of temperature, 
well, provided there be no great movement of air. 

On the other hand, it has appeared to me tliat chronic h^rt-diseases with 
lung congestion, emphysema of the lungs, and diseases of the same class, 
require a warm air, and perhaps a moist one. 1 have noticed tliat ])atients 
with these affections, when removed from their own houses with hot rooms to 
the comparatively cool and ventilated wards of a London hospital, were often 
injured. 

With respect to the inflammatoiy affections of the throat, laiyux, and 
trachea, I have no decidtnl evidence of my own, and have been able to find 
nothing decisive in authors on this point ; but the sjmsmodic affections of 
both larynx and bronchial tubes seems benehtUHl l>y waniith. 

In the convalescence, also, from acute diseases, cold is very badly liome ; 
no doubt, the body, after the prt>vious rapid metamori^lnisis, k in a state veiy 
susceptible to cold, and, like the body of the infant, resists external influences 
badly. Convalescents from fever must therefore always ke[>t warm. This 
is probably the reason why, in the Austrian experiemee,} it has lieen found 
inadvisable to transfer febnle patients treated in a permanent hos|iital to con- 
valescent tents, although patients treated from the lirst in tents have a good 
convalesoenoe in them, as if there were something in liabit. 


^ It is slngniar, however, tint in some old people the tempemtufe of the liod y is higher thsii 
nomud (John Dn^). Is them, then, s diffetence in the smouni of exiemsl beet leqitiriid in 
different petsons f 

t H is owing to this rnk thel in French hospHels, ertiSdslIy %*mtilst«d snd wermed ly hoi 
sir, theemoiiiiloreir is l essen e d end its tempCTstnre hekhlened in order to keep up the con- 
treet tentowiliirt of 15* C. (mSft F.) The etr is then often dose end dissgmeahle. 
on Hygieiis in the Aimy Medical Be^rt for 1602, by the 

} Dee Knukhen Zeiitristunip^ von F. Kreos, 1001. 
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If these views aie correet, they show that hospitals should have wards of 
different temperatures. The plan of ventilation already noted, viz., heating 
fwsh air under each bed by hot-water pipes (the passage of hot water through 
certain of which can be stopped if desired), offers a means of giving a certain 
temperature to a bed even in a large ward, or in a small ward of bringing the 
whole air in tlie ward to any desii^ temperature. 


SECTION II. 

DIFFERENT KINDS OF WARMTH. 

Heat is communicated by radiation, conduction, and convection. The 
latter term is applied to the conveyance from one place to another of heat by 
means of massif of air, while conduction is the passage of heat from one par- 
ticle to another — a very slow process. I^ractically, conduction and convection 
may be both consitlered under the head of convection. 

liadiant heat lias been considered by most WTiters the best means of warm- 
ing ; it heats the body without heating the air,* and of course there is no 
possibility of impurity being added to the air. 

The disadvantages of radiant heat are its cost, and its feebleness at any dis- 
tance. The cost can be lessened by proj>er arrangement, but the loss of heat 
by distance is irremediable. The effect lessens inversely as the square of the 
distance, i.e., if at 1 foot distance from the fire, the warming effect is said to 
lie equal to 1, at 4 feet distance it will be sixteen times less. A long room, 
therefore, can never Im? wanne<l properly by radiation. 

It has been attempted to calculate the amount of air warmed by a certain 
space of incandescent lire, and 1 square inch has been supposed sufficient to 
warm 8*4 cubic feet of air. But much depends on the walls, and whether 
the rays fall on them and warm them, and the air passing over them. 

Radiating grates should be so dis|K>sed as that every ray is throwm out into 
the room. The niles indicafrMl by Desagulters w’ere applied by Rumford. 
Count Rumford ma<le the width of the back of the grate one-third the width 
of the hearth rtMjess ; the sides then 81 o|hhI out to the front of the recess ; the 
depth of the grate from Imfore Iwurkw'ards was made equal to the wddth of the 
back. The mlm and liack w'eni to be made of non-conducting material ; the 
chimney tliroat was coutractinl, so as U> lessen the draught and ensure more 
complete combustion. The grate was brought as far forward as possible,*!* 
but stUl under the throat. 

The o|)en chimney, wdiich Is a necessity of the use of radiant grates, is so 
gimt an advantage that this is /rr a strong argument for the use of this 
)^d of warming, but in addition, there can l)e little doubt that radiant heat 
is^'eally the healUiiest. 

Still in large rooms it is not sufficient, and must be supplemented by 
Convertiaii oftd CfjnduciiofK 

The air is heated in this case by passing over hot stones, earthenware, iron 
or copper plates, hot water or steam i>il>es. The air in the room is thus 

s If y fHend Dr Saiikev Im made ef|mrinieittii which show Ui«t the tein})enitare of the air 
of a room heated by radiant heat ia really lower than the indicated temperatnre of the air, 
becauae the bulb ia warmed by radiation, whoi this is prevented by encloaing the bulb in a 
bright tin oaae, the thermometer falla. 

T Ithaabeentruly aald that, in epitsof iheeoiiatant nse of Count Rtimfoixraaame, not one 
grate in 10,000 la mm aooordii^ to hla prindptea. 
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hsttted, or the air tdcen firom outside is warmedi and is then allowed to pass 
into the room, if possible at or near the floor, so that it may properly mingle 
with the air already there. The heat of the wanning sur&ce should not be 
great, probably not more than 120^ to 140° Fahr . ; mere should be a large 
sui&ce feebly heated. The air also should not be heated above 75° or 80° 
Fahr., and a large body of air gently heated should be preferred to a smaller 
body heated to a greato extend as more likely to mix thoroughly with the 
air of the room. 

It does not matter what the kind of surface may be, provided it is not too 
hot. K it is, the air acquires a peculiar smell, and is said to be burnt ; this 
has been conjectured to be flrom the charring of the organic matter. Some 
have supposed the smell to be caused by the effect of the hot air on the 
mucous membrane of the nose, but it is not perceived in air heated by the sun. 
Such air is also relatively very diy, and absorbs water eagerly from all sub- 
stances which cAn yield it. 

If air is less heated (not more than 75°) it has no smell, and the relative 
hmmdity is not lessened to an appreciable extent. Haller’s experiments, 
earned on over six years with the Meisner stove common in Germany, show 
that there the relative moisture is not lessened with moderate warming.* I 
have made experiments with the Galton stove used in Imrracks with the same 
result. On the other hand, when the plates are too hot, the air may be really 
too much dried, and l)r Sankey informs me that while he never found the 
difference between the dry and wet bulbs in a room warmed by radiant heat to 
be more than 8° Fahr., he has noticed in rooms warmed by hot air a difference 
of 16° to 17° Fahr., which implies a relative humidity, if the temperature be 
60°, of only 34 per cent of saturation, which is much too dry for health. In 
this case the air is always unpleasant, and must be moistened by jmssing over 
water before it enters the nK>m if possible ; some heat is thus lost, but not 
much. Of the various means of heating, water Is the l)est, as it is more 
under control ; steam is equally good, if waste steam can Iks utilised, but if 
not, it is more expensive. Hot-water pipes are of two kinds ; pipes in which 
the water is not heated above 200° Fahr., and which, therefore, are not sub- 
jected to great pressure, and pipes in which the water is heated t4) 300° or 360° 
Fahr., and which are therefore subjected to great pressure. These pipes (Per- 
kin’s patent) are of small internal calibre (alx)ut | inch), with thick walls 
made of two pieces of welded iron ; the ends of the pipes are joined by an 
ingenious screw. In the low-pressure pijies tliere is a Toiler from which the 
water circulates through the pipes and returns again, outlets being provided 
at the highest points for the exit of the air. In Perkin's system there is no 
boiler ; one portion of the tube jiasses through the fire. 

The amount of tubing (low pressure) which must be given, requires a good 
deal of calculation ; the following rule is given by HockI ; — If the pipes be 
four inches diameter and the water be at 200°, then divide the cubic con* 
^ts of the room by 200, and the quotient will be the number of feet of pi|)o 
in length to keep the room at 65° Fahr., when the external air is 32°. If 
Perldn’s pipes are used, as the heating power is greater^ a less amount does, 
probably aWt two-thirds, or a little more. 

A plan which was proposed 130 years ago by Besaguliers is now coming 
into genenl use^ via, to have an air-chamber round the back and sides of a 
radiiM^ grate, and to pass the external air through it into the roouL Thus 
a great eooiuHny of heat, and a considerable quantity of gently-wanned air 


* l>t»bW^aiidXrwirmiiagderXiiid«i«tebeiiiiddMKfanhiiis^^ 0. HsHsr, 

ISSO, pp. 29-88. 
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passes into the room. The HeiMtter stove of Gexmany is a very ingenious 
stove of tl^ sort| only there is no open fire. The advantages of these grates 
are tibat they combine a good amount of cheerM open fiie» radiant heat, and 
chimn^ ventilation, with supplementary warming by hot air, so that more 
value is obtained ^m the fuel, and l^er spaces can be more effectually 
warmed. 

A great number of grates and stoves have been proposed, which it is im> 
possible here to notice.* The medical officer's advice will be sought, first, as 
to the kind, and second, as to the amount, of heat. He will find no difficulty 
in coming to the conclusion that in most cases both methods (radiation and 
connection) should be employed ; the air warmed by plates or coils of water- 
pipes being taken fresh from the external air and thereby conducing to ven- 
tilation. He wUl be also called on to state the relative amount of radiant 
and convected heat, and to determine the heat of the plates, and of the air 
coming off them and the degree of humidity of the air. The thermometer, 
and the dry and wet bulbs, will give him all the information he wants on 
these points. 


• I would Mpedally refer the reader, however, to Dr Neil Amott's treatise on the " Smokeless 
Fire,*' in which the true principles are laid down, and a description given of the Amott Stove. 
The principles are by slow ana perfect combustion to get the fuU value of the heating power of 
the coal ; to warm a lane surface with this gradually, and to conduct over this surface a la^ 
amount of fresh air whi^ may then flow into the room. In Dr Amott*s stove thedistinguiahing 
feature is the valve which admits the air to the Are. It is so arranged as to partially cloee when 
the draught is strong, so as to cut off the access of air to some extent, and to lessen the amount of 
oombustaou. Its mode of action can be scarcely understood without a model. Dr Amott is 
now engaged in designing another valve, which is connected with rotating cnm or sails, like a 
little anemometer, and which, more or less, close the openly according to the rapidity with 
which they revolve with the wind. By this plan the air flowing to a stove, or passmg through 
a ventilatmg tube by the force of the wind, can be brought to a constant qnanti^. It is by 
no means improbable Uiat we shall see some contrivances of this kind used in ventilation when 
the agency of the wind is employed. 




CHAPTER XII. 

EXERCISE AND PHYSICAL TRAINING. 


A PXBFBCT state of health implies that every organ has its due share of exer* 
cise. If this is deficient, nutrition suffers, the organ lessens in sise, and, 
eventually, more or less degenerates. If it be excessive, nutrition, at fi»t 
apparently vigorous, becomes at last abnormal, and, in many cases, a degene> 
ra^on occurs which is as complete as that which follows the disuse of an 
organ. Every organ has its special stimulus which excites its action, and if 
this stimulus is perfectly normal as to quality and quantity, perfect health is 
necessarily the re^t 

But the term exercise is usually employed in a narrower sens^ and ex- 
presses merely the action of the voluntar}' muscles. This action, though not 
absolutely essential to the exercise of other organs, is yet highly important, 
and inde^ in the long run, is really necessary for the perfect exercise of all 
organs, with perhaps the exception of the brain. For not only the circulation 
of tibe blood, but its formation and its destruction, are profoundly influenced 
by the movement of the voluntary muscles. Without this muscular move- 
ment health must inevitably be lost, and it becomes therefore important to 
determine the efiects of exercise, the amount which should be taken, and the 
consequencies of deficiency or of excess. 


SECTION 1. 


THE EFFECTS OF EXERCISE 


(a.) On the lAinge , — ^The most important effect of muscular exercise is pro- 
du^ on the lungs. The pulmonary circulation is greatly hurried, and the 
quantity of air inspired, and of carbonic acid expi^, is marvellously in- 
cieasecL Dr EdwaH Smith has carefully investigated the first point, and the 
following table shows his main results. Taking the lying position as unity, 
the quantity of air inspired was found to be as follows : — 


position, 


Standing, 

Singiiig^ 

Wi ‘ 


1 

M8 

1-33 

1*26 

1*9 

2*76 

3*22 

8*8 


Walking and carrying 621b, 3*84 
„ „ 118ft, 4*78 

„ 4 mile^ per hour, 8 

»» 8 „ 7 

Ridbg and trotting, 4*08 

Swimming, . 4*SS 

IWmill, ... 6*6 


1 mile per hour, 

2 

f» ® »# 

„ and etarpng S4ft, 

The great increase of air inepiied it mors clearly esen whan ft ie W in this 
wqr : under ordinaiy eiteumi^cei a man draws in 480 euhte huim par 



EFFECTS OF EXEBCISE. 


32 ? 

minute ; if he walks 4 miles an hour he dxaws in (4S0 x 5 » ) 2400 cubic 
inches ; if 6 miles an hour (480 x 7 - ) 3360 qubic inches. Simultaneously 
with t^, the amount of carbonic acid in the expired air is increased (Schar- 
ling and many others), as is seen in the following table : — * 


Effect of Exercise on the amount of Inspired Air, of Absorbed Oxygen, and 
of JEk^haled Carbonic Acids in grains {EinylisK), and in cubic feet i^nglish). 



Per Hour. 


Inspired 
air in 

■nyw 

Exhaled CO* in 
grains carbon. 


cubic 

feet. 

Man, 42 yearrold, weighing 1361b avoir., — 




Rest (mean of 3 experiments), . . . 

27 

416*8 

603=164 

i Exercise (mean of 5 experiments), . . 

1 Man, aged 42, weighing 184*816 avoir., — 

64-9 

1829*6 

2501 = 682 

Rest, 1 observation, 

i 23*66 

508*5 

682 = 185 

Exercise (mean of 2 experiments), . . 

Woman, aged 18, weighing 1421b avoir., — 

92*8 

241*3 

3338 = 910 

Rest, 1 observation, 

13*25 

389*8 

464*7 = 126*7 

Exercise, 1 observation, 

51*9 

166*4 

2299 = 627 


In other words, in the first experiment a man at rest would get rid in 24 
hours of 9 ounces of carbon, but if he could take exercise of the amount noted 
in the table during 24 hours, he would excrete more than 37 ounces of carbon. 
Of course it would be impossible that exercise should be so long continued, 
though men have occasionally been called on to make exertion almost equal 
to this, and it is equally clear that after exertion the amount of carbonic acid 
must fall below the usual amount even of rest, so that in no case could such 
a quantity as 37 ounces be eliminated. 

Dr Speck has also examined this point, and the following table has been 
calculated &om his experiments,t the amounts are smaller than those given 
by Him : — 


Amount of dry air at 32® Fahr. in- 
spired per minute in cubic inches. 

During Rest 
Cubic inches. 

During Exercise. 
Cubic inches. 

Mean of 62 experiments during 
rest, and 24 during exercise ; dif- 
ferent hours and on different days, 
Amount of dry air at 32® Fahr. ex- ' 

553*6 

988*6 

pired per mlnuta Mean of 62 
experiments during rest, and 24 
during exercise. 

484*3 

985*3 


• These experimsats are eelsctsdfrom some made by Him (** Ludwig’s Pbysiolo^/’ u 742). 
The mean has been taken of the amount of work in the hour. The mean amount of worn done 
in the hour wae. for the fimt man, 22017 kilogramme-metree as 70*9 tons Bfted 1 foot <8ee 
formula given alterwarde). By the jeoond man the work was 112 tons lifted 1 foot, and, in the 
case of the woman, nearly 70 tons lifted 1 foot It may be desirable to mention again here the 
meehanioal equivalent m heat ; raising 4^ grammes 1 metre high is equivalent to raiifag 1 
giaiame of water from a temperature of 0* tor Cent, or to I heat-unit 
t X>ie Wirkung KihMUcber Anstmigung von C. Speck. Ardhiv. dee Feaaina Mr wise. Heilk. 
band 6, ppt 286 and 289. 

X 2 
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Hie aiaomit of carbomc acid expired per minute amounted to 8*78 grains 
/ ap 2*89 grains carbon) during rest, and to 20 grains ( = 6*46 grains carbon) 
during exercise. In 24 hours this wotdd give 3441 grains of carbon during 
rest, and 7858 during exertion ; but as the amount of excrotion lessens greatly 
in Ihe period of rest after exercise, the 24 hours excretion would not be^ so 
great as this. But, as £snr as can be made out, it would seem that fair exertion 
for 10 hours a^y would increase the elimination of carbon in 24 hours about 
one-third over the excretion in the same time during rest. 

It seems most likely that the great formation of carbonic acid takes place 
in the muscles it is rapidly carried off from them, and if it is not so, it would 
seem highly probable that their strong action becomes impossible. At any 
rate, if the pulmonary circulation and the elimination of carbonic acid are in 
any way impeded, the power of continuing the exertion rapidly lessens, ^e 
watery vapour exhaled from the lungs is also largely increas^ during exertion, 
and some observations of Dr Speck’s lead to &e inference that the nitrogen 
may be so also. 

Muscular exercise is then clearly necessary for a sufficient elimination of 
carbon from the body, and it is pkmi that, in a state of prolonged rest, either 
the carboniferous fo^ must be lessened or carbon will accumulate. So also, 
if any substance exists in muscles which is destroyed by their contraction, as 
Sczelkow coigectures, deficient exercise may increase the amount of this 8ub> 
stance to an abnormal extent. 

Excessive and badly arranged exertion may lead to congestion of the lungs, 
and even haemoptysis. Deficient exercise, on the other hand, is one of the 
causes which prepuce those nutritional alterations in the lung that we class 
as tuberculous. 

Certain rules flow frrom these facts. During exercise the action of the lungs 
must be perfectly free ; not the least impediment must be offered to the 
freest play of the chest and the action of the respindory muscles. The dress 
and accoutrements of the soldier should be plaimed in reference to this fimt, 
as there is no man who is called on to make, at certain times, greater exertion. 
And yet, till a very recent date (and in our service, unfortunately, even now), 
the modem armies of Europe were dressed and accoutred in a fashion which 
took firom the soldier, in a great degree, that power of exertion for which, and 
for which alone, he is selected and trained. The action of the lungs should 
be watched when men are being trained for exertion ; as soon as the respira- 
tions become laborious, and especially if there be sighing, the lungs are becom> 
ing too congested, and rest is necessary. 

A second point is, that the great increase of carbon excreted demands an 
increase of carbon to be given in the food. There seems a general accordance, 
among physiolo^sts, that this is best given in the form of fat, and not of 
starch, and this is confirmed by the instinctive appetite of a man taking 
exertion, and not restrained in the choice of food. In this point, the trainers 
of pedestrians and prize-fighters have till lately (and even now in some cases), 
greatly erred. In order to reduce the amount of &t in the body, they have 
excluded, bb tea aa they could, the use of frit in food, and thus deprived the 
body of a substance almlutely essential for the nutrition of musci^ fibre. 

A third rule is, that as spirits lessen the excretion of pulmonary carbonic 

* See the obienelioiis cf Valaatlii sad etbert, sod especially the ezperiaieats of Seaelkow 
(HeaWa Zeitadhrift, 1801^ bend 17, p. 106). The amount of pasaing off from ooatmoliag 
mascleswasiiidsedsogiMtpSadsotiiiiflblaexeeasof the 0 poaihis to them, that It was oon- 
Jectnmd that etihaiiic acid mast have been formed duiiim oontmonon from tabitaaoes rieh la 
omm (each aa frrmk sold), or thst oxygen mast have been obtaiiied ofiiorwlM than from ia- 
•piration. 
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acid, thay ais hiutfiil during exercise ; and it is perliaM for this reason, as 
well as m>in their deadening action on the nerves of voution, that tiiose who 
take spirits are incapable of great exertion. This is now well understood by 
trainers, who allow no spirits, and but little wine or beer. It is a curious 
&ct, stated by Artmann, that if men undergoing exertion take spirits, they 
take less fat. Possibly in reality they lessen the amount of exertion, and 
therefore require less fiat. Water alone is the best fluid to train on. 

A fourth rule is, that as the excretion of carbonic acid (and p^haps of 
pulmonary organic matter) is so much increased, a much larger amoimt of 
pure air is necessary; and in every covered building (as gymnasia, nding 
schools, &c.) where exercise is taken, the yentilation must be carried to the 
greatest possible extent, so soon does the air become vitiated. 

(b.) On the Heart and Veeeela , — ^The action of the heart rapidly increases in 
force and frequency, and the flow of blood through all parts of the body, 
including the heart itself, is augmented. The amount of increase is usually 
from ten to thirty beats, but occasionally much more. After exercis^ the 
heart’s action fiedls below its normal amount ; and if the exercise has been 
exceedingly prolonged and severe, may fiall as low as fifty or forty per minute, 
and become intermittent. During exertion, when the heart is not oppressed, 
its beats, though rapid and forcible, are regular and equable, but when it 
becomes embarrassed, the pulse becomes very quick, small, and then imequal, 
and even at last irregular. In examining men who are training for severe 
exercises, and especially in the case of yoimg recruits, the heart’s action must 
be carefi^y examined, and exercise should at once discontinued for a time, 
if the strokes become extremely quick (120-140) and unequal When men 
have gone through a good deal of exertion, and then are called upon to make 
a sudden effort, I have known the pulse become very small and quick (160- 
170), but still retain its equability. There seems no harm in this, but such 
exertion cannot be long continued. 

An exertion which greatly tries a fatigued heart is the ascension of heights, 
but I have made no experiments on the effects of different kinds of exertion 
in this respect. The accommodation of the heart to great exertion, is probably 
connected with the easy flow of blood through its own structure. 

After exertion the heart must have rest ; it is not yet known how much 
rest should follow a given amount of exertion. 

Excessive exercise leads to affection of the heart ; rupture (in some few 
cases), palpitation, hypertrophy in a good many cases, and more rardy valvular 
diseaM. These may be avoided by careful training, and a due proportion of 
rest Isguries to vessels may also result from too sudden or prolonged exertion. 

Deficient exercise leads to weakening of the heart’s action, and‘ probably 
to dilatation and fatty degeneration. 

These fiacts lead to cert^ rules. 

In commencing an unaccustomed exercise, the heart must be closely 
watched ; excessive rapidity (120-140), inequality, and then irregularity, will 
point out that rest, and then more gradual exercise, is necessary, in order that 
the heart may be accustomed to the work. 

fc.) On ffte Skin . — ^The skin becomes red from turgescence of the vessels, 
and perspiration is increased; water, ddoride of sodium, and acids (probably 
in p^ &tty), pass off in great abundance. It was formerly supped that 
urea also pasm off in this way, but this seems now doubtful 

The amount of fluid passing qff is not certain, but is very great. Speck’s 
experiments show that it is at least doubled under ordinary conditions, and 
the usual ratio of the urine to the lung and skin excreta is reversed* tnstead 
of being 1 to 0*5 or 0*8, it becomes 1 to 1*7 or 2, or even 2*5. Evaporation 
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xedUM imd regulates the heat of the body, which would otherwise soon 
become exoessiYe; so that, as long ago pointed out by Dr John Dayy, tiie 
body temperature rises little above the ordinary temperatuie. No am(^t of 
ext^al cold seems to be able to hinder this passage of fluid, though it m&y 
partly check the rapidity of evaporation. If imything check evaporation, 
the bpdy*heat increases, and soon languor comes on and exertion becomes 
difficult. It seems likely that it is owing to some check in evaporation, 
combined with interference with free pulmonary action, that one form of the 
so-called heat-apoplexy is owing. 

During exertion, there is little danger of chill under almost any circum- 
stances; but when exertion is over, there is then great danger of chill, 
because the heat of the body rapidly declines, and falls below the natural 
amount, and yet evaporation from the skin, which still more reduces the 
heat, continues. 

The rules to be drawn from these facts are — ^that the skin should bo kept 
extrmely dean ; during the period of exertion it may be exposed, but im- 
mediatdy afterwards, o( in the intervals of exertion, it should be covered 
sufficiency well to prevent the least feeling of coolness of the surface. 

(rf.) On the Voluntary Muscles, — ^The muscles grow, become harder, and 
respond more readily to volition. Their growth, however, has a limit ; and 
a single muscle, or group of muscles, if exercised to too great an extent, will, 
after growing to a great sire, commence to waste. But this seems not to be 
the case when all ^e muscles of the body are exercised, probably because no 
muscle can then be over-exercised. It seems to be a fact, however, that 
prolonged exertion, without sufficient rest, damages to a certain extent the 
nutrition of the muscles, and they become soft. As their reparation only 
takes place during rest, this is easily understood, and besides, there may be 
in such cases a general want of nutrition throughout the whole system. 

The rules to be drawn from these facts are, that aU muscles, and not single 
groups, should be brought into play, and that periods of exercise must be 
dtemated, especially in early training, with long intervals of rest 

{e,) On the Nervous System, — ^The effect of exercise on the mind is not 
clear. It has been supposed that intellect is less active in men who take 
excessive exercise, owing to the greater expenditure of nervous force in that 
direction. But there is no doubt that great bodily, is quite consistent with 
extreme mental, activity ; and, indeed, considering that perfect nutrition is 
not possible except with bodily activity, we should infer that sufficient exer- 
cise would be necessary for the perfect performance of mental work. Doubt- 
less, exercise may be pushed to such an extreme as to leave no time for 
mental cultivation ; and this is perhaps the explanation of the proverbial 
stupidity of the athletse. 

(/.) On the Digestive System, — ^The appetite largely increases with exercise, 
especially for meat and fat, but in a less degree, it would appear, for the carbo- 
hydrates. Digestion is more perfect, and possibly a larger development of 
force is obtained, from an eqiial quantity of food than in a state of rest. 
The cfrculation through the liver increases, and the abdominal circulation is 
carried on with more vigour. Food must be increased, especially nitrogenous 
substances, &ts, and salts, and of these especially the phosp^tes and the 
chlorides. The effects of exercise on digestion are greatly increa^ if it be 
taken in the free air, and it is then a most valuable remedy for some forms of 
dyspepsia (James Blake, Pac(/lc Medical and Surgical Journal^ 1860). 

£ On fhe Oenmdwe Organe^—li has been supposed that puberty is de- 
by physical exertion, but perhaps the other cArt mmaltmntitm have not been 
»d foil wei^t Yet^ it would appear that very str^ exeicme lessens 
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sexual desire, possibly beoaitse nervous energy is turned in a special direc- 
tion. 

(?l) On the Eliminating Organs . — ^The action on the lungs and ixas 
be^ already noticed. 

On the Udneys, the water of the urine and the chloride of sodium often 
lessen in consequence of the increased passage from the skin. The urea is 
slightly increas^* but the elimination of nitrogen from the system by no 
means approaches the immense increase in the outflow of carbon. The uric 
acid increases after great exertion; so also apparently the pigment; the 
phosphoric acid is often lai^ely augmented, especially that combined with 
alkalies; the sulphuric acid moderately; the chlorides are lessened on 
account of the outflow by the skin ; the exact amount of the bases has 
not been determined, but a greater excess of soda and potash is eliminated 
than of lime or magnesia ; nothing certain is known as to the amount of 
creatinin, hippuric acid, sugar, or other substances. 

On the bowels, the ^ect of exercise is to lessen the amount, partly, pro- 
bably, from lessened passage of water into the intestines ; nothing is known 
of the composition of the fasces. 

From these facts the following rules can be inferred : — Nitrogenous food 
must be somewhat increased in amount; chloride of sodium, chloride of 
potassium, phosphates of soda, and potash, should be increased in amount ; 
probably all the salts should be augmented. 

(i) Chi the Metamorphosis of Tissue . — The weight of the body is lessened 
by exertion, owing to the increased exit of carbon, nitrogen, water, and salts, 
llie quantity of carbon excreted is so great, and in such excess over the nitro- 
gen, that it cannot be accounted for by destruction of muscular flbre, per se 
it is necessary to suppose either that fat (perhaps in the muscle itself) is 
destroyed, or that some non-nitrogenous body rich in carbon is present in the 
muscles, and is destroyed by their action. | The increased quantity of 
nitrogen excreted is certainly smaller than we should have anticipated, and 
hsks led to the supposition that nitrogen, arising ftom muscular destruction, 
may pass off by the skin or lungs. But this is uncertain, as the most careful 
experiments, in a state of rest, seem to throw doubt on the excretion of 
nitrogen through any channel except the kidneys. 

The reparation of the muscles appears to take place only during rest ; and 
they require apparently much rest, lliis is especially the case when muscles 
are weak ; their repair goes on more slowly than when they are in condition. 

The muscles after exertion eagerly absorb and retain water. When water 
is taken after exertion, it does not pass off as usual by the kidneys or the 
skin, and instead of causing an augmented metamorphosis, as it does in a 
state of rest, it produces no effect whatever. It is a matter of the highest 
probability that it enters into the composition of the muscles, ^m which 


* 1 say this with a foU knowledge of the statements on the opposite side by Voit and others ; 
but the latest experiments of Speck Archlv. dea Vereins flir wiss. Heilk,” band vi. p. ISl) 
seem to show deoidedly that there is a moderate increase in the elimination of urea in most 
cases, though not in all ; the exceptional oases are when there is excessive action of the skin, 
or the flow of water throng the kidneys la so less^sned as to retard the outflow of urea. 

t Taking Speok^s expenmenta, the excess of carbon excreted in twenty-four hours’ exertion 
over the excretion of twenty-four hours' rest, is about 102 grammes ; the excess of mtrogen, 
2*6 grammes ; this amount of nltrofran corresponds to 70 grammes of muscle, and this would 
give of carbon to be eliminated by toe lungs only 77 grammes, so that nearly 94 grammes of 
carbon remain, which were not derived flora muscular fibre, per ee. The great acidity of 
muades during and after exertion, flram probably lactic add if ), seems also to make this prob- 
able. Eeyneius has lately direcM paxtmular attention to the formaticsi of lactic a^ and 
bdifvea that the sense of Ihti^e in muidea is owing to the aoeumulatioB of this add, whirii 
raquiraa rast for nsntialiastimi. 

t On this pdnt Bpack'a axparimenta (cp. cif.) seem conclusive. 
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wsttt b66ii 80 xapidly* durmg thoir stioxig actioii. So comploteljr 

iB it xotainodi tbft t i although the skin has ceased to perapiie, the uiizie does 
snot iHoiease in quantity for several hours. The quantity of water taken is 
sometimes so great as not only to cover the loss of weight caused hy the 
exercise^ but even to increase the weight of the body. 

We can be certain, then, of the absolute necessity of water for the acting 
muscle, and the old nile of the trainer, who lessened the quantity of water to 
the lowest point which could be borne, must be wrong. In &ct, it is now 
being abandoned by the best trainers, who allow a liberal allowance of fluid. 
The error probably arose in this way : if, during great exertion, water is 
denied, at the end of the time an enormous quantity is often drunk, more, in 
fact, than is necessary, in order to still th^ overpowering thirst The sweating 
which the trainer had so sedulously encourag^ is thus at once compensated, 
and, in his view, all has to be done over again. All this seems to be a mis- 
apprehension of the facts. Muscles must have water, and the proper plan is 
to let them have it in small quantities and frequently ; not to deny it for 
hours, and then to allow it to pass in in a deluge. The plan of giving it in 
small quantities frequently, does away with two dangers, viz., the rapid 
passage of a large quantity of cold water into the stomach and blood, and the 
taking more than is necessary, because less is really taken in this way than if 
the thirst is restrained.^ 

In the French army, on the march, the men are directed not to drink ; but 
if very thirsty, to hold water in the mouth, or to cany a bullet in the mouth. 
It is singular, in that nation of practical soldiers, to find such an order. 
Soldiers ought to be abundantly supplied vrith water, and taught to take 
small quantities, when they begin to feel thirsty or fatigued. If &ey are hot, 
the cold water should be held in the mouth a minute or two before swallowing, 
as a precaution ; though, 1 must say, as ^ as 1 have seen, 1 have never known 
any ill eflects i^m dnnldng a moderate quantity of cold water, even during 
the greatest heat of the body.^ 


SECTION II. 

AMOUNT OF EXERCISE WHICH SHOULD BE TAKEN. 

It would be extremely important to determine, if possible, the exact amount 
of exercise which a healthy adult, man or woman, should take. Every one 
knows that great errors are committed, chiefly on the side of defective exercise. 
It is not, however, easy to fix the amount even for an average man, much less 
to give any rule which shall apply to all the divers conditions of health and 
strength. 

. The work which can be done by a man daily, has been estimated at f th of 
the work of a horse ; but if the work of a horse is considered to be equal to 
the l-horse power of a steam engine (viz., 33,0001b redsed 1 foot high per 
minute, or ^39 tons raised I foot high in ten hours), this must be an over- 


* Bpedk*^ obienntioiis and remarlu on thia point (op. cU,, p. 315 ) a 
eertaiii. 


i to rmdar UUa alnioat 


t It la but right to mj tliat manv tnivelleni of graat exporience haro azproMad this grast 
fear of water vndaraxattioii. Soma of them Imve iiK)ri atmaely nmd that ^ water he afol^ 
nA Imire eteM thetalam yamtity of botohi^tet jareveiitiYa of thiiet. 
At iit^ ^ bnt^ my be exoeUeat, bat a littta water in addJtioii would do im bam. 

t deiwivad or itistedof watar dafiag mmlia. 

jWtoli^ tb* 0^ hm drink m at^m w thtgr a«i ud Dr 

- WAolyi i^ m» Om boiwn; mw iriiM tiu kotw an n w nn Wim 

Vmtail;, riM mtn wfll rid* tbm into n rinr, Mrika tiMir ridM, ud nltow to drink. 
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eitunate, as fth of this would be 1265 tons raised 1 foot in a day’s work of 
hoois. llie hardest day’s work of twelve hours I have ever myself 
known a map do, was in the case of a workman in a copper roUing-milL He 
stated that he occasionally raised a weight weighing 90ll», to a height of 18 
inches, 12,000 times a-day. Supposing this to be correct, he would raise 723 
tons 1 foot high. But tbie much overpasses the usual amount. The same 
man’s ordinary day’s work, which he consideTed extremely hard, was raising 
a weight of 1249^, 16 inches, 6000 or 6000 times in a day. Adopting the larger 
numW, this would make his work equivalent to 442*8 tons lifted a foot ; and 
this was a hard day’s work for a powerful man. Some of the puddlers in 
the iron country, and the glass-blowers, probably work harder than this ; but 
I am not aware of any calculations. I learn from a pedlar, that an ordinary 
day’s work, was to carry 281b twenty miles daily. The weight is balanced over 
the shoulder; 141b behind and 149^ in front. The work is equal to 419*5 
tons lifted 1 foot. It would seem certain, that an amount of work, equal to 
500 tons lifted a foot, is an extremely hard day’s work, which perhaps few 
men could continue to do. 400 tons lifted a foot, is a hard day’s work ; and 
300 tons lifted a foot, is an average day’s work for a healthy, strong adult.* 

The exertion which the soldier is called upon to undergo is cluefly drill, 
and carrying weights on a level, or over an uneven surface. 

The Reverend Professor Haughton, who is so well known for his important 
contributions to physiology and medicine, has shown that waUdng on a level 


* In this counti^, the amount of work done is generally estimated as so many lbs. or tons 
lifted 1 foot. In Fran ce, it is expressed as so many kilometres lifted 1 metre. Kilogramme-, 
metres are converted into foot-^unds, by multiplying by 7 '216. The following table may be 
useful, as expressing amount of work done. It is taken from Mr Haughton's work (**A Mew 
Theory of Muscular Action ’*). The numbers are a little ditferent from Uioee given by Coulomb, 
as they have been recalculate by Mr Haughton, 1863. 


Labockino Force of Mas. , 

Kind of Work. 

Amount of Work. 

Authority. 

Pile driving, 

Pile driving, 

Turning a windi, 

Porters carrying goods, and returning 1 

unladen, ) 

Pedlars always loaded. | 

Porters csirying wood up a stair, and 1 

returning unloaded, i 

Paviours at work, 

Military priaoners at shot drill <3 hours), 1 
and oakum picking, and drill, . . ) 

Shot drill alone (3 hours), 

312 tons lifted 1 foot. 
852 „ „ 

874 „ „ 

825 „ 

803 

881 „ 

352 „ 

810 1, 

160-7 „ 

Coulomb. 

Lamande. 

Coulomb. 

>; 

1 ” 
Haughton. 

t» 

it 


It may be interesting to give some examples of work done in India by natives,' which have 
been given me by Dr De Chaumont 

A Lepteha hul-coolie will go from Punkabarree to Darjeeling (30 miles, and an ascent oi 
5500 feel), in three days, esanying 801b weight The weight is carried on a frame supported on 
the loins and aacnrni, and aided % a band passed round the foreliead. 

Work per diem, SOO tons lifted 1 foot 

Bight pi^quin bearers oarried an officer weighing 1801b, and palanquin weighing 25^ 
twemy-Ave miiai, in Lower Bengal. Assuming each man weighed 1601b, the work was 600 
tons lUMa foot , 

Two Banghy burdars carried 701b each for twenty-five miles. Work done asCIS tons lifted a 
foot 

Bitraordinary worit appears to ba aomatiiDes d<me by natives of India. Immense marc^ 
of fifty milts a-day have been kept up for many days ; and much greater weights sre often 
carried than tboaa ghran above, even for grsat diatanoes. ^ . 

^ Tmldah poium or hummals will cany weii^hts of from 600 to 800!b 
but I do not know tbe prsdae dlatance wblw a man could do with this weight In twenty-four 
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wsadttm is equivalent to xaismg ^th of the weight of the bod^, through 
^the distuiee wdked ; an easy osculation changes this into the wei^t xaim 
1 foot. When ascending a height, a of coarse raises his whole weight 
through the height ascended. 

. Using thifl formula,* and ftaflu-ming the soldier to weigh 1501b with his 
clothes, we get the following table : — 


Kind of Kxerdse. 

Walking 1 mile, 
>» 2 „ 

»> 10 „ 

„ 20 
1 

„ 2 
„ 10 ‘ 

20 


and carrying 60!b, 


Work done in Tone 
lifted 1 foot. 

17-67 

36-34 

176*7 

353-4 

24*75 

49-5 

247-5 

495 


It is thus seen, that a march of ten miles, with a weight of 601b (which is 
nearly the weight a soldier carries w-hen in marching order, but without 
blankets and rations), is a moderate day’s work. A tw-enty-miles march, with 
601b weight, is a very hard day’s work. As a continued labouring effort, Mr 
Haughton believes that walking twenty miles a-day, without a load (Sunday 
beii^ rest), is good work (353 tons lifted a foot) ; so that the load of 60fo 
additional, would make the work too hard for a continuance. 

It must, however, be remembered, that it is understood that the walking is 
on level ground, and is done in the easiest manner to the person, and that the 
weights which are carried are properly disposed. The labour is greatly in- 
crecued if the walk is irksome, and the weights are not well c^ust^. And 
this is the case with the soldier. In marching, liis attitude is stiff ; he ob> 
serves a certain time and distance in each step ; he has none of those shorter 
and longer steps, and slower and more rapid motion, w^hich assists the ordinary 
pedestrian. The weights he carries are also (as will be hereafter noticed) so 
badly disposed, as to add greatly to the labour. It may be questioned, indeed, 
whether the formula does not under-estimate the amount of work actually done 
by the soldier. The work becomes heavier, too ; i.e., most exhausting, if it is 
done in a shorter time ; or in other words, velocity is gained at the expense 
of carrying power.t 

Ordinary drill, without arms, is regarded by Mr Haughton to be equivalent 
to walking; but considering the constrained attitudes, and the tension of 
particular muscles, it seems but right to reckon it one-third more severe than 
common walking. 

In addition to drill and marching, the soldier has to perform other duties ; 
such as cleaning arms and rooms, &c., of which the exact amount of work 
i^annot be calct^ted. 

The shot-drill which military prisoners perform under certain circumstances 


W+Wx D 

♦ The fonnnla is " ; whew W is the weight of the peison, W* the weight osnled ; 

D the distsace walked ; 70 the oo-«fiident of tmetion ; and 2240 the number of pounds In aton. 
The reeult ie the number of tone raleed 1 foot. To get the distance in feet, multiply 5280 by 
the number of milee walked. 

t Oentnei^e formula is someiiniee used to calculate this. The qnotlsttt cf the actual and the 
arefage rdocity is snbiiadied item 2 ; and the quotient of the tlM oecupled by the work Is 
also snhtiaetea ftom 2. Tkm product of these magnitudii is multiplM.tw foa medium force. 
But this rule is douhtlhL (See Valaiitlii's Fbysioli^,’* tiaailatial^ fomou, p. 415). 
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b earned on for three hours daily. A man stoops down and lifts a 321b shot 
from a low' bench, erects himself, steps 9 feet, and lowers the shot to another 
bench; he then returns empty-handed to the first bendi, lifts ano&er shot, 
carries it to the second bench, and so on. Six double journeys are performed 
per minute. He therefore walks 18 feet 360 times per hour, or 6480 feet per 
hour, carrying his own weight, and also, for half the distance^ a shot of 321b. 
He also lifts and puts down the weight of 321b 12 times per minute a height 
of 3 feet, or 2160 feet per hour. Assuming his weight to be 14Hb, we find 
by the formula that the work is equal to 160*7 tons raised 1 foot.* 

Looking at all these results, and considering that the most healthy life is 
that of a man engaged in manual labour in the free air, and that the daily 
work will probably average from 250 to 350 tons lifted 1 foot, we can per- 
haps say, as an approximative, that every healthy man ought, if possible, to 
take a daily amount of exercise in some way which shall not be less than 150 
tons lifted one foot. This amount is equivalent to a walk of about 9 miles ; 
but then, as there is much exertion taken in the ordinary business of life, this 
amount may be in many cases reduced. It is not possible to lay down rules 
to meet all cases, but probably every man with the above facts before him 
could fix the amount necessary for himself with tolerable accuracy. 

In the case of the soldier, if he were allowed to march easily, and if the 
weights were not oppressively arranged, he ought to do easily 12 miles daily 
for a long time, provided he was allowed a periodical rest. But he could not 
for many days, without great fatigue, march 20 miles a-day with a 60tt) load, 
unless he were in good condition and well fed. If a greater amount still is 
demanded from him, he must have long subsequent rest. But aU the long 
marches made by our own or other armies have been made without weights, 
except arms and a portion of ammunition. Then great distances have been 
traversed by men in good training and condition. 


SECTION III. 

TRAINING. 

As the trade of the soldier is, par excellence^ an athletic one, and as he 
ought to be able and in readiness for any call on his energies, it is desirable 
to say a few words on the system by which it is attempted to prepare men for 
great exertions. 

The system of training is now conducted on much sounder principles than 
formerly. The old trainers, in addition to fanciful systems of diet, and, in 
some cases, the use of spirits, gave much purgative and diaphoretic medicine ; 
so that digestion was weakened, and many men came out of their hands in 
really worse condition than they went in. Even now the system of training 


* The formula is 
Work in tone in shot- 
drill for 130 minntee 


l_/(2W^S2)o^32x2A\ 
» V 20xi240 "KSr; 


X »ixl80*" 


Where W is the Sreight of the men* . , 
a the dietonee the «hot is carried, 
h the heightin feet to which the shot » lifted, 
a number double journeys per minute, 
•ttbstitutliig the rmlues, we have 

WMk in toM a X « jorniwy* x 180 
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u 00 bat fiKulty that men cannot be kept in high training for any len^ of 
time. ISome of the best pedestrians now never go into training at au, but 
lead a life which keeps them always ready for their vocation. As bat, as I can 
leanii this life is a simple and sensible one. Plain and regular diet, without 
restriction to one set food ; temperance ; systematic exercise, not pushed to 
great excess i the avoidance of tobacco, or its use in great moderation , and 
great cleanliness, seem to be the chief points. And, as a writer celebrated in 
the ftniiAlft of the Fancy* has advocated lately these simple but all-sufficient 
rules, we need not expect to see any revival of the old fancies of the ring. 

. The rules now laid down by the best trainers are these. Their motto is 
now Work and diet.” 

The diet is largely of lean meat. Underdone meat is still used, though 
there is no physiological reason for this. All that is wanted is that the meat 
should be perfectly digestible. Fat is excluded by most, and sugar also, or 
is given in small quantity; weak beer, or weak wine and water (two glasses 
of wine daily-^heny for pedestrians, port for boxers, but this is a mere 
fancy) ; but no spirits are used, and often nothing but water or barley-water 
is allowed. Tea and coffee are sometimes excluded. Tobacco is excluded by 
most The man sleeps in a cool room, vuth brce ventilation, and in beds not 
too hot; feather-beds are considered relaxing. Great dewiness and the 
Sequent use of the bath are rigorously enforced. Purgative physic is now 
never given, but sweating is produced by the feather-bed and blankets, by 
the Turkish bath, or by exercise in flannel In the flrst case, during sweat- 
ing, no water is given, and it is said the thirst goes when the sweating is 
over ; but it seems as if the feather-bed sweating is now going out of fashion, 
or is only used once or twice when the men are very fat. The Turkiah bath 
is r^;arded differently by different trainers-r-somc use it ; others call it detri- 
mental Sweating by exercise is the common plan, and little water is 
allowed. 

The amount of work done is moderate at first, but is gradually increased, 
until a regime like the following is reached. The man rises at an early hour ; 
uses the dumb-bells or the chest-expander for some time, vaiying according 
to the period of training ; then takes a cold bath, and starts for a walk of an 
hour, taking before starting a stale crust of bread, and perhaps a raw egg and 
a cup of infiision of gentian. He then breakfasts on meat and bread, with 
perhaps tea, but little or no sugar. An hour after breakfiust, he begins his 
exercises with dumb-bells or weights, or walks, according to his vocation, and 
is made to sweat profusely. The exercises vary in length according to the 
condition of the man and the time of training ; they are at first light, and 
increase in severity. When training is at its height, about ten hours are 
occupied in sleep, four in meals and rest, and the remaining twelve in 
exercises more or less severe, or in quick walking. Training usuwy lasts six 
wedcs. 

The system is irksome, and the men sometimes find the training worse 
than the punishment they receive in the ring. 

The result of this training is apparently greatly to improve the health. 
The skin gets clear, the eye bright, the temper cheerful ; the movements of 
the body are eaqr and rapid; the breathing power of the lungs greatly aug- 
ments ; there is little fiit on the body ; the muscles are firm and resistant, so 
that they are not so easily bruised as usual, and iiguries are sooner recovered 
from. 


* Iniowa in ths milliiig world. It Is easy to set tlisi 

soimd mtdiotl loiowlsdgs dicuisd tiiit stnrible tittls work on ttaittlae. 




GYMKASTIC SXEBC1SE8. 


333 


- The &ult of the system is to he found in the fanciful notions of diet ^hich 
still pievaiL The exclusion of fat and of the starches must reduce too much 
the amount of &t in the body, and must seriously interfere urith the nutrition 
of muscle. The true way of lessening fat is to be found in exercise, com- 
bined with such a lessening of the carboniferous food as may permit little or 
none to be stored up. Owing, probably, to this dietary, it appears to be true 
that many men are overtrained,” ie., too fine-drawn ^m absorption of fet, 
and few men can remain in high traiiiing for any length of time. Some of 
the best trainers now endeavour not to lessen the external fat too much; in 
fact, their criterion should be the breathing power, and muscular strei^h 
and rapidity, not the appearance of the man. That the deprivation of fat is 
an entire mistake, is not only a matter of reasoning, it is practically the case 
that men who take much exertion always take much M. (See The Diets, 
p. 140.) 

After training, the men often compensate for their previous abstinence by 
great excesses, and pass from extreme work to a state of perfect idleness ; and 
this is no doubt the principal cause that professional pedestrians and prize- 
fighters are not very healthy as a class. The same fact precisely, occurred 
among the athletes of Greece ; as a class they were short-lived. Men of the 
better classes, training for boat-racing or other athletic sports, injure them- 
selves by excessive exertion commenc^ too early in the training, and do not 
give time for the lungs to expand and the muscles to develop. 

In the case of the soldier, he ought to be always in a state of training, if 
we use this term to express those habits which are best ccdculated to develop 
and maintain muscul^ vigour. In many respects, and especially in the 
cavalry branch of the service, where the care of the horses calls into play many 
muscles which in the infantry soldier are less used, the life of the soldier is a 
good one for muscular training. He has regular work, with proper intervals 
of rest, and, to a certain extent, good and well-cooked food. But it fails in 
the following points : In the infantry the attitudes are too stiff, and all the 
muscles are not equally exercised ; the clothes are too tight, the weights are 
l)adly carried, and oppress the lungs and heart. At the present time a great 
improvement is being introduced by Lord de Grey, by making all men in the 
in&ntxy under ten years* service go through a three months’ course of gym- 
nastic training in the year (sprea^g over six months by taking every other 
dayl, which will have the effect of developing all the muscles. J£ the food 
comd be increased in quantity, especially in its nitrogenous and fatty con- 
stituents, the clothes loosened, and the weights properly carried, there would 
be no doubt that the soldier could be kept in a conation of perfect training ; 
at least there would be only his own vices — drinking, excessive tobacco-smok- 
ing, and inordinate sexual indulgence — ^which could prevent this. 


SECTION IV. 

GYMNASTIC EXERCISES. 

All military nations have used in their armies a system of athletic exercises. 
The Greeks commenced such exercises when the increase of cities had given 
rise to a certain amount of sedentary life. The Romans began to use aMetic 
training in the early days of tbs Republic, entirely with a view to milit^ 
efficiency. The exercises were continuous, and were not alternated with 
pmods of complete idleness. 

The officers exercised with the men. At a later day we are told that 
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Hweiiis oeim miased a aingle day at the Campus Martius ; and Pomp^ is 
said hy Sallust to have been able at fi%-eigbt years of age to run, jump, and 
cany a load as well as the most robust soldier in his army. 

Swimming was esj^iaUy taught by the Bomans, and so essential were the 
IQrxnnastic exercises deemed, that, to express that a man was completely ign^ 
rant, it was said he knew neither how to read nor swim.'’ The gymnastic 
exercises were the last of the old customs which disappeared before the 
increasing luxury of the later empire. 

In l^e feudal times, the practice of the weapons was the b^t gymnastic 
exercise ; every peasant in England was obliged to pract^ with the bow ; 
the noblemen underwent an enormous amount of exercise both with and 
without arms, and on foot and horseback. 

The invention of gunpowder seems to have rendered these me^ of making 
the body strong and agile, less useful, and special athletic training appears to 
have be^ everywhere discontinued. Withm the last few years t£e cha n gi ng 
conditions of mpdem warfare have commenced to demand from the soldier a 
degree of rapidity of movement and endurance which the slow movements of 
the wars of the 18th century did not require. Among the population gene* 
rally there has been also a revival of the feeling which formerly existed among 
the ancient Greeks, that the sedentary life which so many lead in modem 
Europe must be compensated by some artificial system of muscular exercise. 

In our own time, the first regular gymnasium appears to have been esta- 
blished at Schwefental, in Saxony, by ^Itzmann, with a view of giving health 
to the body, strengthening certain muscles, and remedying deformities. About 
forty years ago, l^g also commenced in Sweden the system of movements 
which have m^e his name so celebrated. Switzerland, Spain, and France 
followed, and of late years in Germany many gymnastic societies (Turner- 
Yerein) have been foimded in almost all the great cities, and the literature of 
gymnasticism is now a laige one. In our own country, the outdoor and 
vigorous life led by the richer classes, and by many work^ men, rendered 
this movement less necessaiy, but of late years societies have been formed, 
gymnasia established, and atMetic sports encouraged in many places. 

Among armies, the Swedish and Prussian were the first to attempt the 
physical training of their soldiers. France followed in 1845, and ever since 
a complete system of gymnastic instruction has been carried on in the French 
army. Since the accession of Napoleon III., the greatest care has been taken 
to develop this plan of increasing the efficiency of the soldier, and a large 
military gymnastic school exists at Vincennes where instructors for the army 
are taught. 

In the English army this matter attracted less attention until after the 
Crimean War, when Uie establishment of gjymnasia as a means of training 
and recreation were among some of the many reforms proj^ted by Lord 
Herbert In 1859, General Hamilton and Inspector-General Dr Logan were 
sent over to inspect the systems in use on the Continent, and presented a 
very interesting Beport, which was subsequently published. A grant of 
mon^ was immediately taken for a gymnasium at Aldershot, and this has 
now (1864) been in operation for two years, under the direction of Migor 
Hanunerdey, with most satis&ctoiy results. Lord de Grey is wisely urging 
cm this ma^; Gjminam are now ordered to be built at aUtl^ large stations, 
and a. complete code of instmetions, drawn up ly Hr MacLaien of Oxjbdii is 
now puUished by suthorify.* 


Bisfdiaa By Aivkibakl MaeLtim--A4|i^^ 
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OymnasHe InstmcHon in the English Army, 

The instruction has two great objects : \st^ To assist the physical develop- 
ment of the recruit ; 2(f » To strengthen and render supple the frame of the 
trained soldier. Every recruit is now ordered to have three months’ gymnastic 
training during (or, u judged expedient by a medical officer, in lieu of part 
of) his ordinary drilL Two months are given before he commences rifle prac- 
ttoi, and one month afterwards. This training is superintended by a mescal 
offl^r, who will be responsible that it is done properly, and who will have 
the power to continue the exercises beyond the prescribe time, if he deems 
it necessary. The exercise for the recruit is to last only one hour a-day, 
and in addition he will have from two to three hours of ordinary drilL 

The trained infantry soldier under ten years’ service, is ordered to go 
through a gymnastic course of three months’ duration every year, one hour 
being given every other day. The cavalry soldier is to be taught fencing and 
sword exercise in lieu of gymnastics. 

The Code of Instructions drawn up by Mr MacLaren consists of two parts, 
elementary and advanced exercises. The exercises have been arranged 
with very great care, and present a progressive course of the most useful 
kind. 

The elementary exercises commence with walking and running ; leaping, 
with and without a pole, follows, and then the exercises with apparatus 
commence, the order being the horizontal beam, the vaulting bar, and the 
vaulting horse. All these are called exercises of progression. The elementary 
exercises follow, viz., with the parallel bars, the pair of rings, the row of 
rings, the elastic ladder, the horizontal bar, the bridge ladder, and the ladder 
plank Then follow the advanced exercises of climbing on the slanting and 
vertical pole, the slanting and vertical rope, and the knotted rope. 

Finally, the most advanced exercises consist of escalading, first against a 
wall, and then against a prepared building. 

In the French anny, swimming and singing are also taught. Both are very 
useful ; the singing is encouraged, not as a matter of amusement (though it is 
very useful in this way), but as a means of improving the lungs. 

Swimming should be considered an essential part of the soldier’s educa-, 
tion, and it ib probable that it will be systematically taught in the English 
army, 

l^bert Jackson very strongly recommended that dancing should be taught 
and encouraged. There is sound sense in this ; a spirited dance brings into 
play many muscles, and in a well-aired room is as good an exercise as can be 
taken. It would alsa be an amusement for the men. 

of Gymnastic Training, 

On Young Mm under Twenty . — In the chapter on the Choice and Treat- 
ment of the Beoruit, some particulars are given of the average size and growth 
up to the age of twenty, under ordinary circumstances, as far as these are l^own. 
Mr MacLmn has endeavoured to determine the ratio of growth at different 
ages under the influence of gymnastic training, but his observations are at 
present too few to enable a rule to be laid down. 

On trained soldiers, the effect, of gymnastic training is to increase largely 
the girth of the chest, and of the arms and legs. In some cases, also, even in 
grown men the h^ht increases. 

Ttom a table given to me by M^jor Hammersley, it appears that at Alder^ 
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dbot, up to NoYomber 1862) the average inorease in S60 men from not more 
liian one to two months* training two or three times weekly, was — 

Chest, .... 1'625 inches. 

Forearm, .... *5 „ 

Upper arm, . . *76 „ 

SECTION V. 

DUTIES OP THE OFFICER IN THE GYMNASIUM. 

The Medical Regulations (pp. 29 and 79) order the inspecting medical officer 
and surgeon to visit and advise on the kind and amount of gymnastic exer- 
cises ; and a late Report from the Committee of Gymnastic Exercises appointed 
by the War Office, directs that the medical officer shall inspect the recruits 
once a fortnight, and the trained soldiers once a month. The measurements 
of the recruit are also to be taken under the direction of the medical officer. 
The following points should be attended in regard to — 

1. JSeeruUs. — ^The recruit is inspected from time to time, to see if the 
system agrees with him. 

(a.) Weight — ^The weight of the body should be ascertained at the begin- 
ning and end of the course, and during it, if the recruit in any way complains. 
Witii sufficient food recruits almost always gain in weight, therefore any loss 
of weight should at once call for strict inquiiy. It may be the recruit is 
being overdone, and more rest may be necessary. But in order to avoid the 
greatest error, the weights must carefuUy taken ; if they are taken at all 
tunes of the d&j^ without regard to food, exercise, &c., accuracy is impossible ; 
there may be 21b or 31b variation The physiological practice during experi- 
ments is to take the weight tlie first thing in the morning before bieak&st, 
and after emplying the bladder. If it cannot be done at this time, scarcely 
any reliance can he placed on the result Food alone may raise the weight 
21b or 31b, and we cannot be sure that the same quantity of food is taken 
daily. The clothes, also, must be remembered; men should be weij^ed 
naked if possible, if not, in their trousers only, and always in the same 
dreas. 

(b.) Height. — This is usually taken in the erect position. Dr Aitken^ 
recommends it to he taken when the body is stretched on a horizontal plane. 
A series of experiments on both plans would be very desirable. 

(c.) Girth of Cheet , — ^The chest is measured to ascertain its absolute size, 
and its amount of expansion. 

It is best measui^ when the man stands at attention, with the arms 
hangi^ ; and the tape should pass round the nipple line. The double tape 
(the junction being placed on the spine) is a great improvement over 
shigle tape, as it measures the sides separately, and with practice can be done 
as quickly. 

The chest diould be measured in the follest expiration, and fullest intpiia- 
tionu If the diest is measured with the arms extended, or over the head, as 
ordeied in the Regulations in Recruiting, the scapulae may throw out the tape 
from the side of the chest 

Sibeon's diest-measarer and Quain*s stethometer may be used, if thought 
desirable. 


** Oa llw Qiewtli of tbs Bsoruit, p. 68. 
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(A) The In^ratory Power^ as expressed by tbe spirometer, may also be 
employed. The spirometer inyented by Dr Lewis of Carmarthen, appears to 
be better than Hutchinson’s. 

(c.) Qrowth of Mueclea. — ^This is known by feeling the muscles when 
relied and in action, and by measurements, l^e measurement of the upper 
arm should be taken either when the arm is bent oyer the most promment 
part of the biceps, or oyer the thickest part when the arm is extended. 

(/.) General Cortditian of Health. — Digestion, sleep, complexion, &c. 
The recruit should also be inspected during the time of exercise to watch the 
effect on his lungs, heart, and muscles. In commencing training the great 
point is to educate, so to speak, the heart and lungs to perform suddenly 
without injury a great amount of work. To do this there is nothing better 
than practice in running and jumping. It is astonishing what effect this soon 
has. If possible, the increase in the number of respirations after running 200 
or 300 yards should be noted on the first day, as this gives a standard by 
which to judge of the subsequent improvement. But as it would be impossible 
and a waste of time to do this with all the men, directly the run is ended the 
men should range in line, and the medical officer should pass rapidly down 
and pick out the men whose respiration is most hurried. In all the exercises 
the least difficulty of respiration should c^usc the exercise to be suspended for 
four or five minutes.* The heart should be watched ; the characters indicating 
the necessity for rest or easier work are excessive rapidity (130-160), small- 
ness, inequality, and irregularity. 

Soreness of muscles after the exercise, or great weariness, should be inquired 
into. It would be well every now and then to try the inguinal and femoral 
rings during exertion and coughing. - ^ , , .. * -- bahaoc 

One very important part in gymnastic training depends on the instructor. 
A good instructor varies the work constantly, and never urges a man to undue 
or repeated exertion. If the particular exercise cannot be done by any man 
it should be left for the time. Anything like urging or jeering by the rest of 
the men should be strictly discountenanced. The instructor should pass 
rapidly from exercise to exercise, so that a great variety of muscles may be 
brought into play for a short time each, and as the men work in classes, and 
all cannot bo acting at once, there is necessarily a good deal of rest. 

The grand rule for an instnictor Ls then, change of work and sufficient rest. 

In the case of a recruit who has not been used to much physical exertion, 
the greatest care must be taken to give plenty of rest during the exercises. 
There may even seem to Ikj an undue proportion of rest for the first fortnight, 
but it is really not lost time. Tlie medical officer is only directed to visit the 
gymnasium once a fortnight, but during the first fortnight of the training of 
a batch of recruits he should visit it every day. 

With pTo^r care men are very seldom injured in gymnasia. I was in- 
formed at Vincennes that though they did not take men unless they were 
certified as fit by a medical officer, thev occasionally got men with ‘‘ delicate 
chests” though not absolutely discasim. These men always improved mar- 
vellously durag the six months they remained at Vincennes. In fact, a 
regukt^ course of gymnastics is well known to be an importjmt remedial 
measure in threateni^ phtliisis. Hernia is never caused at Vincennes. Nor 
does it appear that any age is too great to bo benefiteil by gymnastics, though 


* In the tnlaing of hones the points always attended to are— the very mdual increase of 
the exercise ; gentle walking is persevered in for a long time, then slow aallopB, then, as the 
hone Mdns wmd and strength, quicker gaUope, but tne horse is never distressed, end a boy 
would oe dismissed from a stable if it wete miown that the hone he wis riding showed by 
■ighing, orittany other way, that the speed was loo greet for him. 
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in old men the condition of the heart and vessels (as to rigidity) should be 
looked to. 

Trained Soldiere , — ^There is less occasion for care with these men ; they 
should, however, be examined &om time to time, and any great hurry of re- 
spiration noted. The man should be called out from ^e class, his heart 
examined, and some relaxation advised if necessary. 


SECTION VI. 

DRILLS AND MARCHES. 

In drill, and during marches, the movements of the soldiers are to a certain 
extent restrained. In the attitude of “ attention” the heels are close together, 
the toes turned out at an angle of 60®, the arms hang close by the sides, the 
thumbs dose to the forefingers and on a line with the seam of the trousers. 
The position is not a secure one, as the basis of support is small, and in the 
m a nua l and platoon exercise the constant shifting of the weight changes the 
centre of ^vity eve^ moment, so that constant muscular action is necessary 
to maint a i n the equilibrium. Men are therefore seldom kept long under 
attention, but are told to “ stand at ease” and “ stand easy,” in which cases, 
and especially in the latter, the feet are farther apart and the muscles are less 
constrained. 

In marching the attitude is still stiff — it is the ])osition of attention that is, 
as it were, put into motion. The slight lateral movement which the easy 
walker makes when he brings the centre of gravity alternately over each foot, 
and by the slight rotary motion which the trunk makes on the hiiv-joint, is 
restrained as ^ as it can be, though it cannot he altogether avoided, as is 
proved by observing the slight swaying motion of a line of even very steady 
men marching at quick time. Marcl^g is certainly much more fatiguing 
than free walking, and in tlie French army, and by many commanding officers 
in our own, the men are allowed to w'alk easily and disconnectedly, except 
when closed up for any special purpose. This may not look so striking to 
the eye of a novice, but to the real soldier, whose object is at the end of a long 
march to have his men so fi^b that if necccssary they could go at once into 
action, such easy marching is seen to be really more soldierlike than the 
constrained attitudes which lead so much sooner to the loss of the soldier's 
strength and activity. 

In walking, the heel touches the ground first, and then rapidly the rest of 
the foot, and the great toe leaves the ground last. The soldier, in some 
countries, is taught to place the foot almost flat on the ground, but this is a 
mistakes as the body loses in part the advantage of the buffer^like mechanism 
of the heel The toes are turned out at an angle of about 30® to 45®, and at 
each step the advances forward and a little outward ; the centre of gravity, 
which is between the navel and the pubi^ about in a line with the piumontoiy 
of the sacrum (Weber), is constantly shifting. It has been supposed that it 
would be of advanta^ to keep the foot quite straight, or to turn the toes a 
little in, and to let the fleet advance almost in a line witii ea(ffi other.* * But 


^ exoeUeiit paper <m tbe ''Clotlttiiff of the Soldlei^’ 

(Tram, of hae urmA that the tread of the BedTlndhui ahonld be 

y ” *3 P«®babiUty m pecouar atep of the Bed ladiaa wiui merely acquired 

m Older to hide the trail ; a mait truida m hia own fooUtep, and a line of men follow aoonnitely 
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the advantage of keepii^ the feet ap^ and the toes turned out, is that, hrst, 
the feet can advance in a straight line, which is obviously the action of the 
great vasti muscles in front of the th^h ; and second, when the body is brought 
over the foot, the turned out toes gives a much broader base of support than 
when the foot is straight. The spring from the great toe may perhaps be a 
little greater when the foot is straight (though of this I am not certain, and I 
do not see why the gastrocnemii and solei should contract better in this position), 
but there is a loss of spring from the other toes. Besides this, it has been 
shown by Weber that when the leg is at its greatest length, t.e., when it has 
just urg^ the body forward, and is lifted from the ground it falls forward 
like a pendulum from its own weight, not from muscular action, and this 
advance is from within and behind to without and before, so that this action 
alone carries the leg outwards. 

The foot should bo raised from the ground only so far as is necessary to 
clear obstacles. Formerly, in the Russian Imperial Guard, the men were 
taught to‘ march with a peculiar high step, the knee being lifted almost to a 
level with the acetabulum. The effect was striking, but the waste of power 
was so great that long marches were impossible, and I believe this kind of 
marching is now given up. Tlie foot should never be advanced beyond the 
place where it is to be put down ; to do so is a waste of labour. 

In the English anny the order is as follows ; — 


Length and Numlter of Steps in Marching. 


Kind of Step. 

Length. 

No. per Minute. ‘ 

Ground Traversed 
per Minute. 

Ground Traversed 
per Hour with- 
out Halts. 


Inches. 


Feet. 

Miles. 

Slow time, . 

30 


187i 

21 

Quick time. 

30 


275 

31 

Stepping out. 

33 


302^ 

3-4 

Double, 

36 


450 

61 

Stepping short, . 

10 




Side step, . 

10 



. . . 

or when 





Forming four deep, 

21 



. . . 

Stepping back, . 

30 





The “ double" is never continued very long ; it is stopped at the option of 
the commanding officer. In the French army, it is order^ not to be continued 
longer than twenty minutes. At the double (if without arms), the forearms 
are held horizontally, the elbows close to the side ; if the ride is carried, one 
arm is so held. I^ere is an advantage in this attitude, as the arms are 
brought into the position of least resistance ; more fixed points are given 
for the muscles of respiration, and the movement of the arms and shoulders 
ffusilitates the rapid shifting of the centre of gravity. 

Slow time is only used on certain occasions ; quick time is almost always 
used in drills and marching. The ground got over per hour is generally 
reduced by halts to 2*8 miles. 

in the footetepe of those before them* Inspector-General Dr Anderson has also informed me 
that the Red Indians have told him that by the action of turning in the toes they have less 
ohaaoe of entanglement in the long prairie grass. 

2 Y 
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Some Tegiments also go at the double, and can do 6 or even 7 miles per 
hour for a ^ort time** 

In the French army the length of the step is rather different : — 


French St^ in English Measures, 



Length of Step 
in Inches. 

Steps per 
Minute. 

Ground Traversed 
per Minute in 
feet. 

Ground Traversed 
per Hour in 
MUes. 

Pas ordinaire, . 

26 

76 

164 

1-86 

Pas de route, . 

26 


216 

2-46 

Pas acc^l^r^, . 

26 


238 


Pas acc^(^rd, . 

26 

120 


2*96 

Pas de charge, . 


128 

277 

316 

Pas maximum; 

26 

153 

331 

3*76 


Tlie French step is therefore 4 inches shorter than the English ; tliis is per- 
haps because the men are, as a rule, shorter. The Prussian and the Bavarian 
step is 30 inches (Prussian) long, and 120 steps are taken per minute. 

The exact length of the step, and the nuinl)er per minute, are veiy im- 
portant questions. The object of the soldier is to get the step as long, and 
the number per minute as great, as possible, without undue fatigue, so as to 
get over the greatest amount of ground. 

The quickest movement of the leg for^vard in walking has been shoum by 
Weber to correspond very closely with half a }>endulum vibration of the leg, 
and to occupy, on an average, 0 357 seconds ; this would give 168 steps i)er 
minute, supposing the one foot left tlie ground when the other touched it. 
This is much quicker than the army walking step (the double is a run), and 
no doubt much quicker than couhl long Ix^ lx)rne, since, with a step of only 
30 inches, it would give nearly 5 miles |H*r hour ; but it may bo a question 
whether, with men in good condition, the pucAt miglit not be incn 3 ased to 130 
per minute. Practical trials, however, with soldiers carrying arms and 
accoutrements can only decide this jx)int. 

The length of the step of an averse man has Ijeen fixed by the Brothers 
Weber at about 28 inches. In individual cases, it depends entirely on the 
length of the legs. Robert Jackson considered 30 inches as too long a step 
for the average soldier, and suggested 27 inches. It is of great importance 
not to lessen the len^h too much, and it would 1x5 very desirable to have 
wme well conducted experiments on this point. The steps must be shorter 
if weights are carried than without them ; a little consideration shows how 


of ^ while to mention some of the feats of celebrated peclestriatiB as a means 

Ihe mile has been walked in 7 minutes (or at the mte of miles per hour). Bach an exertion 
is enormona, for the exertion is in the ratio of the velocity. 

Ten miles have been walked by CSaptain Saunders in 9^ minntea, and 21 miles in 8 boom by 
West hall. 

In running, 100 yatda have been covered in 9| seconds ; alittle over 10 sec. is the usual 

I mile in 1 minute 58 seconds. 

I mile In 4 minutes 221 „ 

2ini!esin 9 minutes 20 

iS " « ’• 

11 and 46 yarfls 60 

20 120 

40 6 botiirs. 

100 IS hours and 50 minutes. 
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this is : When a man walks^ he lifts his whole body and propels it forward, 
and in doing so, the point of centre of gravity describes a circular motion, in 
the form of an arc about the foot. 

Now, the less the body is raised, or, in other words, the shorter the versed sine 
of the arc, the less of course the labour. In long steps, the arc, and of coinse 
the versed sine, or height to which the body is raised, are greater ; in short 
steps, less. It is probable that, with the weight the soldier carries (60tt>), the 
step of 30 inches is quite long enough, perhaps even too long ; and it would 
be desirable to know if, after a march of 6 or 8 miles, the steps do not get 
shorter. 

In the French army, the march is commenced at the jkls de route (100. 
steps per minute) ; then accelerated to 110 steps, and finally to 130 ; during 
the last half hour 100 steps are returned to. But the soldiers themselves 
often set the step; the grenadiers and the voltigeurs alternately leading. 
Four kilometres ( = 2^ miles) are done in 45 or 48 minutes. One kilometre 
( = 0'62 miles) is done in about 12 minutes. 

The soldier, in this country, when he marches in time of peace, carries his 
pack, kit, liavresack, water-bottle, greatcoat, rifle, and ammunition (probably 
20 rounds). In India, he does not carry his pack or greatcoat. 

There is a very general impression that the l)est marchers are men of middle 
size, and that very tall men do not march so well. 

Length of the March , — In “ marching out’* in time of peace, which is done 
once or twice a- week in the quiet lime of the year, the distance is six or eight 
miles. In marching on the route or in war, the distance is from ten or twelve 
miles to occasionally eighteen or twenty, but that is a long march. A forced 
march is any distance — twenty-five to thirty, and occasionally even forty, miles, 
being got over in twenty-four hours. In the Prussian aimy the usual march is 
fourteen miles (English) ; if the march is continuous, there is a halt every 
fourth day. 

A halt is usually made every hour for five minutes, and fifteen minutes after 
the second hour. In a long march, an hour’s halt is made in the middle. In 
the French army, halts arc fre([ueut during the first days, but when the men 
are fully trained they take place only every two hours. 

In marching long distances, the extent of the marches, the halting grounds, 
&c., are fixed by the quartermaster’s department. 

]^bert Jackson considered that an ordinary march should be fourteen 
miles, and done in four hours and twenty-five minutes, including halts, at the 
rate of throe and four miles in hour, the first hour to be at slow time, with 
five minutes’ halt ; the march to bo at quick time with fifteen minutes’ halt 
at the end of the secoml hour ; in the tliird hour slow time to be resumed ; 
an hour’s halt to be given after two or three hours, Oflicers of ex^rience, 
however, liave informed me tliat tlie slow time is not a good plan ; it is bettor 
not to let the men drawl on the pace, but to give them more frequent halts, 
if necessary, to got their wind. 

Order of March , — ^Whenever possible, it seems desirable to march in open 
order. Inspector-General J. R. Taylor has given evidence to show that a 
close order of ranks is a cause of unhealthiness in mtuxjhing, similar to that of 
overcrowding in barracks ; and the Medical Board of Bengal have, in accord- 
ance with this opinion, recommended that military movements in close order 
should be as little practised as possible.* 

Effects of Marches , — Under ordinary conditions, both in cold and hot 
countries, men are healthy on the march. The exorcise, the ftee air, the 


* Chevers, ap, cit,, p. 08 , 
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d^^aoige of scene — all do good. Under special circumstances, immense marches 
have been made by all armies. The Frmch and Spanish are particularly good 
marchers, the British less so ; but they have occasionally made extraordinary 

One of the most celebrated in the annals of the British Army is the march 
made by the 43d, 52d, and 95^ Eegiments of Foot, under Crawfurd, in July 
1809, in Spain, in order to reinforce Sir Arthur Wellesley at the battle of 
Talavera. About fifty weakly men wore left behind, and the brigade then 
marched sixty-two miles in twenty-six hours, carrying arms, ammunition, and 
pack — ^in all a weight of between 508) and 60Ib.* Tliere were only seventeen 
* stragglers. The men had been well trained in marching during the previous 
month. 

One of these regiments — the 52d — ^made in India, in 1857, a march as 
extraordinary. In the height of the Mutiny, intelligence reached them of the 
locality of the rebels from Sealkote. The 52d, and some artillery, started at 
night on the 10th of July 1857 from Umritzur, and reached Goodasepore, 
forty-two miles off, in twenty hours, some part of the march being in the sun. 
On the foUowing morning they marched ten miles, and engaged the mutineers. 
They were for the first time clad in the comfortable gray or dust-coloured 
native Khakee clotL 

Forced marching for some days may be also well borne by seasoned troops, 
as in the case* of two companies of the 39|h, wliich accomplished 195 miles 
in nine days ( = 21*6 miles daily) in Canara in India, in the month of April, 
without a casualty. 

Thirty miles a-day for four or five days api>ear also to have been done by 
some European regiments during the mutiny without loss at the time, though 
there was often much sickness afterwards. 

But marches are sometimes hurtful, — 

Is/, Wien a single long and heavy march is undertaken when the men 
are overloaded, without food, and |)crhaps 'without watt>r. liitjcke rocortis two 
terrible marches of the Prussians. In 1778, the Prussian army by forced 
marches marched in four days to Dresden ; eai!h man carried a weight of 
soft) ; the weather was hot ; the officers urere afraid to let the men drink, 
and no care W'as taken to obviate the effects of the intense heat. They halted 
at mid-day on a burning plain where no water was pnxjurable. “ In one 
night the soldiers looked as if they had aged Urn years. Almost at every step 
lay a fainting man, and entire troops lay on the roadside. The horses also 
were ruined by tliis march ; almost everj^ hundnvi straps lay a ch^id |)ack- 
horse. In such fashion the entire army marched in four days to Dresden, 
and getting there exhausUid even to death, found the Saxon army fresh and 
lively.” 

One other quotation from the same author gives a vivid picture of an ill 
conducted march ; — 

‘‘On the 2 let May 1827 the Prussian corps of guards had a manceiwre 
between Berlin and Potsdam. The soldiers were the? night iKsfore disturbed 
with an alarm of fire, and hail no rest. The day was very hot and the air was 
diy. The soldiers manotjuvred from Berlin to Potsdam (four German mili^), 


Napiei^s ''War la the Peninaula,** 8d eilit. vol. ii. p. 400 ; Mooiaom'a "Beoiml of the 62U 
fU^aieni,*’ p. 115* Both aathoni that the men carried lietweaa SOIh and SOlb on ihla 
extnRirdinary mtxthf hut there aeetne a little donht of thie. tluring the Pintlnaular War, the 
weighing about 21b, and not framwl packs, and their kite were very eeanty. 
Lord pyde. in talking of this march to my colleague, Mr Longmore, told him the men only 
earned a shirt and a spare pair of either boota or soles. He saw the men march In, In all 
probability, also, they would not carry their fall aromunHion. 
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and were in constant exercise. They had no rest, no refreshment, and the 
heat in the sandhills and pine woods was unbearable. They were not per- 
mitted to drink, for fear the cold drink when they were heated should injure 
them. Halting places in hot sandy plains were therefore chosen, far from 
springs. The brandy flask — that false Mend of the soldier — ^had indeed 
silenced thirst, but did not remove the necessity for water. 

‘‘ The consequences were that the 1st Regiment of Guards, and in a less 
degree the other regiments, was quite disorganised. They fell in sections on 
the roads, and only recovered after a long time when refreshments were 
brought, and when the pack which compressed the chest so heavily was 
removed 

“ Many died, and even the cavalry lost horses in the same way.” * 

I heard the celebrated Professor Champouillon of the Val de Gr&ce mention 
in his lectures the following case : — 

About twenty-five years ago a regiment of Chasseurs de Vincennes 
marched twelve miles into Paris on a hot July day. The men carried 
their packs and wore their stocks, which at that time were thick and stiff 
like the English stocks, and compressed their throat. Hardly a quarter of 
the men reached l^aris; the rest were left in the villages, or lying on the 
roadside. Many died of what was called covp de soleiL 

William Ferguson gives also a vivid picture of an ill-conducted march in 
St Domingo. The 67th Regiment were well supplied with rum, and were 
then marched through a dry rocky country, where no w^ater was procurable. 
In a march of twelve miles men fell at every step ; nineteen died on the 
road, and the rest reached the end of the march in a state of indescribable 
exhaustion. 

The prevention of these catastrophes is easy. Place a soldier as much 
as jwssible in the position of the professional pedestrian ; let his clothes 
and accoutrements be adapted to his work ; supply him with water and 
profMir food, and exclude spirits ; if unusual or rapid exertion is demanded, 
the weights must bo still more lightened. 

Wlicn a soldier falls out on the march, he will be found partially faint- 
ing, with cold moist extremities, a profuse sweat everj^here ; the pulse is 
very quick and w'eak— often irregidar ; the respiration often sighing. The 
weights should l)e removed, clothes Iwsened, the man laid on the ground, 
cold water liashed on the face, and water given to drink in small quantities. 
If the syncope is very dangerous, brandy must be used as the only way of 
kr^eping the heart acting, but a large cpiantity is dangerous. If it can be 
obt^ed, weak hot brandy and w'ater are the best under these circumstances. 
When ho has recovortul, the man must not march — ho should be carried in a 
waggon, and in a few minutes have something to eat, but not much at a time. 
ConcentratfMl beef-tea mixed >vith Avine, is a i>ow'erful restorative, just as it is 
to wounded men on tlie field. 

2r/, When the marches which singly are not too long are prolonged over 
many days or weeks without <lue rest. 

With proper halts nmn will march easily from 500 to 1000 miles, or even 
farther, or from twelve to sixteen miles per diem, and be aU the better for it, 
but after the second or tliird weeks there must be one halt in the week 
besides Sunday. If not, the work Ijegins to tell on tlie men ; they get out of 
condition, the muscles get 8oft,^ap})ctite declines, and there may be even a 
little ansemia. Both nerves and muscles are used too fast, and are not 
repmre<l. The same cfiects are produced with a much less quantity of work, 
if the food is insufficient. Bad food and insufficient rest ate then the great 
causes of this condition of body. 
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In saoh a state of body malarious fevezs are intensified, and in India attacks 
of jfiioleia are more Sequent. It baa been supposed that the body is overladen 
with the products of metamorphosis which cannot be oridised hjst enough to 
be removed. 

Directly the least trace of loss of condition begins to be perceived in the 
more weakly men (who are the tests in this case), the surgeon should advise 
the additional halt if military exigencies permit. On the halt day the men 
should wash themselves and their clothes, and parade, but should not drill. 

Sdf When special circumstances produce diseases. 

Exposure to wet and cold in temperate climates is the great foe of the sol- 
dier. As long as he is marching, no great harm results, and if at night he 
can have dry and warm lodgings, he can bear, when seasoned, great exposure. 
But if he is exposed night as well as day, and in war he often is so, and never 
gets dry, the hardiest men will suffer. Affections arising from cold, catarrhs, 
rheumatism, pulmonary inflammation, and dysentery are caused. 

These are incidental to the soldier’s life, and can never be altogether 
avoided. But one great boon can bo given to him; a waterproof sheet, 
which can cover him both day and night, has been found the greatest 
comfort by those who have tried it. (See chapter on Clothing). 

The soldier may have to march through malarious regions. The march 
should then be at mid-day in cold regions, in the afternoon in hot. The 
early morning marches of the tropics should be given up for the time ; the 
deadest time for the malaria is at and soon after siuirise. If a specially deadly 
narrow district has to be got through, such as a Terai, at the foot of hills, a 
single long march should be ordered ; a thoroughly good meal, with wine, 
should be taken before starting, and if it ciin l)e done, a dose of quinine. If 
the troops must halt a night in such a district, every man should take 5 
grams of quinine. Tents should be pitched in accordance vrith the rules laid 
down in the chapter on Camps, and the men should not leave them till the 
sun is well up in the heavens. 

Yellow fever or cholera may break out. The rules in both cases are the 
same. At once leave the line of march ; bike a short march at right angles 
to the wind ; separate the sick men, and place the hospital tent to leew^ ; 
let every evacuation and vomited matter be at once buried and covered witli 
earth, and employ natives (if in India) to do this constantly with a sergeant 
to superintend. Let every duty man who goes twice to the rear in six hours 
report himself, and, if the disease be cholera, distribute pills of acetate of 
le^ and opium to all the non-commissioned oflicers. Directly a man who 
becomes choleraic has used a latrine, cither abandon it or cover it with earth 
and lime, if it can be procured. If there is carbolic acid or chloride of zinc 
or lime at band add some to every stool or vomit. 

In two days, whether the cholera has stopped or not, move two miles ; take 
care in the old camp to cover everything, so that it may not prove a focus of 
disease for others. The drinking water should be constantly looked to. A 
regiment should never follow one which carries cholera; it should avoid 
towns where cholera prevails ; if it itself carries cholera the men should not 
be aOowed to enter towns. I know one instance (and many doubtleee are 
known in India), where cholera was in this way introduced into a town. 

The men may suffer from insolation. This will generally be under three 
conditions.* J^oessive solar heat in men unaccustomed to it and wrongly 
dressed, as in the case of the 98th in the flnst China War, when the men 


* Of coiiTie 1 do not enter here into the {mthology of this nireetion. For this 1 refrr to the 
greet works of Moieheed sad Martin and Attken. 1 took at it hom a special point of view. 
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haying jnst landed firom a six months* voyage, and being buttoned up and 
wearing stocks, fell in numbers during the first short march. A friend who 
followed with the rear-guard informed me that the men fell on their faces as 
if struck by lightning ; on running up and turning them over, he found many 
of them already dead. They had, no doubt, struggled on to the last moment. 
This seems to be intense asphyxia, with sudden fedluie of the heart-action, 
and is the cardiac variety ** of Morehead. 

A dress to allow perfectly &ee respiration (freedom from pressure on chest 
and neck), and protection of the head and spine from the sun, will generally 
prevent this form. The head-dress may be wetted from time to time, a piece 
of wet paper in the crown of the cap is useful. When the attack has oc- 
curred, cold affusion, artificial respiration, ammonia, and hot brandy and water 
to act on the heart seem the best measures. Bleeding is hurtful ; perhaps 
fafrd. Cold affusion must not be pushed to excess. 

In a second form the men are exposed to continued heat,* both in the sun 
and out of it, day and night, and the atmosphere is still, and perhaps moist, so 
that evaporation is lesmmed, or the air is vitiated. If much exertion is taken, 
the freest perspiration is then necessary to keep down the heat of the body ; if 
anything checks this, and the skin gets dry, a certain amount of pyrexia oc- 
curs ; the pulse rises ; the head aches ; the eyes get congested ; there is a fre- 
quent desire to micturate (Longmore), and gradual or sudden coma, with per- 
haps convulsions and stertor, cijmes on, even sometimes when a man is lying 
quiet in his tent. Tlie causes of the interruption to perspiration are not 
known ; it may be that the skin is acted upon in some way by the heat, and 
from being over stimulated, at last becomes inactive. 

In this form cold ali'usion, ice to the head, and ice taken by the mouth, are 
the best remedies ; pcrhaj)s even ice water by the rectum might be tried. 
Stimulants are hurtful. The exact pathology of this form of insolation is 
uncertain. It is the cerehro-spinal variety of Morehead. 

In a third form a man is exi>08ed to a hot land-wind ; perhaps, as many 
have seen, from lying drunk without cover. When brqpght in, there is gene- 
rally complete coma with dilated pupils, and a very darkly flushed face. After 
death the most striking ^K)iut Ls the enormous congestion of the lungs, which 
is also marked, though less so, in the other varieties. Although I have dis- 
sected men in a very laigc numl»cr of diseases both in India and in England, 
I have never seen anything like the enormous congestion I have observed in 
two or three cases of this kind. 

As prevention of all forms, the following jK)int 8 should be attended to — 
suitable clothing ; [)lenty of cold drinking water (Crawford) ; ventilation ; 
pnKiuction in buildings of currents of air; bathing; avoidance of spirits; 
lessening of exertion demanded from the men. 


SECTION Yll. 

DUTIES OF MEDICAL OFFICERS DURING MARCHES. 

Chneral Duties on Marches in India or flu* Cohnies , — Before commencing 
the march, order all men with sore feet to itqx)rt tliemsolves. See that all the 
men have their proper kits, neither more nor loss. Every man should be pro- 

• The heat of sandy plains is lh« worst, probably, from the great absorption of heat and Uie 

eontinued rarefaction. The heat of the sun, per ae, is not so bsd ; on board ship sun-stroke is 
most uncommon. 
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Tided ynih. a water bottle to bold not less than a pint. Inspect halting- 
grounds, if possible ; see that they are perfectly clean, and that everything is 
ready for the men. In on some of the trunk roads there are r^ular 

halting-grounds set apart. The conservancy of these should be very carefully 
looked to, else they become nothing but foci for disseminating disease. If 
there are no such places, halting-grounds are selected. It should be a rule 
never to occupy an encamping ground previously used by another corps if it 
can be avoided ; this applies to all cases. Select a position to windward of 
such an old camp, and keep as far as possible from it. The encampment of 
the transport department, elephants, camels, bullock ciirts, &c., must be looked 
to, — ^they often are very dirty : keep them to leeward of the comp, not too near, 
and see especially that there is no chance of their contaminating streams supply- 
ing drinking water. If the encampment is on the l>anks of a stream, the pro- 
per place for the native camp and bazaar will always be lower down the stream. 
The junior medical officer, if he can be spared, should l>e sent forward for this 
purpose with a combatant officer. Advise on length of marches, halts, &c. 
and draw up a set of plain rules to be promulgated by the commanding officer, 
directing the men how to manage on the march if exposed to great heat or 
cold, or to long-continued exertion, how to purify w^ater, clean their clothes, 
ifec. If the march is to last some time, and if halts are made for tw'o or three 
days at a time, write a set of instructions for ventilating and cleaning tents, 
regulations of latrines, 

Special Duties for the March itself, — Inspect the breakfast or moniing re- 
freshment ; see that the men get their coifec, <frc. ( )ii no account allow a 
moniing dram, either in malarious regions or tdsewliem Ins{>ect the water- 
casks, and see them properly placed, so that the men may be supplied ; inspect 
some of the men to see that the 'vvater-bottles are full. March in roar of the 
lament so as to pick up all the men that full out, and order men who can- 
not march to l>e carried in waggons, dhoolies, &c., or to relieved of their 
packs, Arc. If there are two medical officers, the senior should be in rear; if 
a regiment marches^ in divisions the senior is wdth the last (Retj, p. 34). 
Wien men are ordered eitluT to be carried or to hav(» their jiacks carried, 
tickets are to be given spe<iifying the length of time they arc to be carried. 
These tickets should Ijc pre{mred before the march, sc» that nothing has to be 
done but to fill in the maifs name, and the length he is to l>e carried. 

Special orders should lx? given that, at the halt, or at the end of the day’s 
inarch, the heateil men should not uncover themselves. They should take 
off their pack and Ixdts, but keep on the clothes, and, if yery hot, should put 
on their greatcoats. The reason of this (viz. the great danger of dull aJft<T 
exertion) should be expdained to them. In an hour after the end of the 
march the men should change their underclothing,, and luuig the wet things 
np to diy ; when dry they should Isj shaken well, and put by for the follow- 
ing day. Some officers, however, prefer that their men sliould at once change 
their clothes and put on dry things, lliis is certainly more comfortable. 
But^ at any rate, exposure must Ik; prevented. 

At the end of the march ins]iect the footson? men. 

Footsoreness is generally a great trouble, ami fre<|U<miiy arises from fiiulty 
boots, undue pressure, chafing, ri<Ung of the toes from narrow soles, &c. 
Rubbing the feet with tallow, or oil or fat of any kind,* liefore maiehing, is a 
common remedy. A good plan is to dip the feet in very hot water, before 
starting, for a minute or two ; wipe them <|uite dry, then mb them with soap 

• M oM gives the ptttmnee to ntsg’i* fat, htit there it little d«mM all oils 

“ eneciuftl. 
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(soft soap is the best)i till there is a lather ; then put on the stocking. At 
the end of the day, if the feet are sore, they should be wiped with a wet 
cloth, and rubbed with tallow and spirits mixed in the palm of the hand 
(Galton). Pedestrians frequently use hot salt and water at night, and add a 
little alum. Sometimes the soreness is owing simply to a bad stocking ; this 
is easily remedied. Stockings should be ftequently washed ; then greased. 
Some of the German troops use no stockings, but rags folded smooth over 
the feet. This is a very good plan. Very often soreness is owing to 
neglected corns, bunions, or in-growing nails, and the surgeon must not de- 
spise the little surgery necessary to remedy these things ; nothing, in fact, can 
be called little if it conduces to efficiency. 

As shoes are often to blame for sore feet, it becomes a question whether it 
might not be well to accustom the soldier to do without shoes. (See sec- 
tion on Shoes.) 

Frequently men fall out on the march to empty the bowels; the fre- 
quency with which men thus lagging >)ehind the column were cut off by 
Arabs, led the French in Algeria to introduce the slit in the Zouave trousers, 
which require no unbuckling at the waist, and take no time for adjustment. 

At the long halt, if there is plenty of water, the shoes and stockings should 
be taken off, and the feet well washed ; even wiping with a wet towel is 
veiy refreshing. The feet sliould always l>e washed at the end of the march. 

Occasionally men are much annoyed with chafing l)etween the nates or in- 
side of the thighs. Sometimes this is simply owing to the clothes, but 
sometimes to the actual chafing of the parts. Powders are said to be the 
best — flour, oxide of zinc, and above all, it is said, fidler s earth. 

If blisters form on the feet, the men should be directed not to open them 
during the march, but at the end of the time to draw a needle and thread 
through ; the fluid gnwlually oozes out. 

All footsore men should be ordered to report themselves at once. 

Sprains are best trwited with rags dipped in cold water, or cold spirit and 
water with nitre, and bound tolerably tightly round the part. Rest is often 
im}M>8sible. Hot fomentations, when luoeurable, will relieve pain. 

Marches, e8|K*cially if hurried, sometimes h*ad men to neglect their bowels, 
and some tnuible occurs in this wav. As a rule it is desirable to avoid pur- 
gative medicines on the line of march, but this cannot always be done ; they 
shouhl, however, 1 m^ as mild as possible. 

Rolxsrt Jackson strongly ailviseil the use of vinegar and water as a refreshing 
lieverage, having prolmhly takiui this idea from the Romans, who made vinegar 
one of the necessaries of the s(^ldier. It was prolwibly used by them as an 
antiscorbutic ; whetlier it is very refreshing to a fatigued man I do not know. 

There is only one occasK)n 'when sjiirits should be issued on the march ; 
tills is on forced marches, near the end of the time, when the exhaustion is 
great A little spirit, in a large quantity of hot w'ater, may then be useful, 
but it should only be used on great omergiuicy. *\Varm lieer or tea is also 
good ; the warmth seems an important point Ihinalil Martin tells us that in 
the most severe work in Rurmah, in the hot months of April and May, and in 
the hot hours of the day, warm tea was the most nffrt*shiiig l>evorage. This I 
found also froi* my own experience. 8everal friemls have told me that both 
in India, and in bush travelling in Australia, there was nothing so reviving 
as warm tea. Cbevers mentions that the juice of the countiy onion is useful 
in lessening thirst during marches in India, and that, in cases of sun-stroke, 
Uie natives use the juice of the unripe mangoe mixed with salt 

Music on the march is very invigorating to tired men. Singing should also 
be encouraged as much as possible. 
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Marching in India , — ^Veiy little need be said in addition to the general 
roleB just l^d down. Marches take place in the cool season (November to 
February), and not in the hot or rainy seasons, except on emergency ; yet 
marches have been made in hot v^eather without harm, when care is taken. 
They are conducted much in the same way as in cold countries, except that 
the very early morning is usually chosen. The men are roused about half-past 
two or three, and parade bulf an hour later ; the tents are struck, and carried 
on by the tent-bearors ; coffee is serv'ed out, and the men march off by half- 
past three or four, and end at half-past seven. Everything is ready at the 
halting-ground, tents are pitched, breakfast is prei>arod. 

These very early marches are strongly advocated by many, and are opposed 
almost as strongly by some. Sir George llallingall was of opinion that the 
disturbance of the men’s sleep was worse than the exjx»siire to the sun till ten 
or eleven o’clock would be. In the West Indies, marching in the sun lias 
always been more common than in the East. Much, perhaps, must depend 
on the locality, and the prevalence and time of hot land-winds. (See Climate.) 
In malarious districts there can be no question that the early morning is the 
worst time ; in the heat of the day the risk of malaria is trifling. 

Both in India and Algeria inarches have been made at night ; the evidence 
of the effects of this is discordant. The French have genemlly foimd it did 
not answer ; men bear fatigue less well at night ; and it is sttik*d that the ad- 
missions into hospital have always increased ami>ng the Fnuich after night 
marching. Annesley’s authority is also against night manrhing in India. On 
the other hand, I have been infonued tliat in India the march through the 
cool moonlight night has been found both pleasant and healthy. 

Afternoon marches (commencing about two hours before sunset) have been 
tried in India, and, I believe, often with very good results. It seems very 
desirable to give this plan a fair trial. 

The halting-grounds in India are generally indi(^te<l l>efon^hand by the 
Quartennaster-Generars dejiartment, and on some of the tnink roads there 
are regular walled spaces set a}>art for this pur]K)se. 

Marching in Canada . — In 1814, during the war with America; in 1837, 
during the rebellion, and, in 1861-62, during the ‘‘‘ Trent” excikmient, winter 
marches were made by the troops, in all cases without loss, llie extra clothes 
which were issued, in addition to the usual Canadian clothing, on the last 
occasion, were to each man, — a chamois leathern vest with arms ; a pair of 
woollen stockings over the IsKits ; a sbetjpskin coat to wear over all The 
men were largely feil, and, at the long halts, had weak hot rum and water. 
They were extremely healthy. During exi>o8ure to cold, spirits must be 
avoided ; warm coffee, tea, ginger tea, or warm w^eak wine and water, are the 
best In all cases the warmth of the drink is important. 

Daring great exp^ure to cold it is a gocsl plan to nib the hands, fis^t, lao<?, 
and neck with oil ; it appears to lessen the radiation of heat and the cooling 
effect of winds. Alpine travellers find a piece of blotting paper, cut to the 
shape of the sole of the foot and placed in the sbx king, a go<x! plmi. 
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CLOTHING. 

Reflations . — No sp^^cific instructions are laid down in the Medical Regula- 
tions respecting clotliing, but the spirit of the general sanitary rules neces^rily 
includes this subject also. \VTien an army takes the field, the Director- 
(jleneral is directed to issue a code for the guidance of medical officers, in 
which clothing is specifically mentioned (p. 82) ; and the sanitary officer with 
the force is ordertid to give advice in \vriting to the commander of the forces, 
on tlie subject of clothing among other tilings (p. 84). 

Formerly a certain sum, intended to pay for the clothing of the men, was 
allotted by Government to the colonels of regiments. Tliis was a relic of the 
old system by which it^giments were raised — viz., by ])enTiitting certain per- 
sons to enlist men, and assigning to them a sum of money for all expenses. 
The colonel employed a contmetor to find the clothes, and received from him 
the suridus of the money afU^r all payments had been made. A discretionary 
power rested with the service oflicers of the regiment, wlio could reject im- 
proper and insufficient clothing, and thus the interests of the soldier W'ere in 
l>art protccUd.^ Tlie system was evidently radically bad in principle, and, 
since the Crimean War, the Goveninumt has been gradually talang this 
department into its hands, and a largt^ establishment has been formed 
at Pimlico, where the clothing for a certiiin numWr of regiments is pre- 
pared. 'riiis system has workinl extnmiely well ; the materials have been 
ix>th better and cheajKjr, and important improvements have been and are still 
being introilucod into the make of the garments, which cannot fail to increase 
the comfort and the efficiency of the soldier.t 

At the Pimlico depfit the greatest can^ is taken to test all the materials and 
the making up of the articles ; the viewers are skilled persons, who are in no 
way under the influence of contractors. 


SECTION I. 

When a soldier enters the army he is supplied gratis with his complete kit ; 
some articles are subsequently supplied by Government, others he makes good 
himself. In the infanfary of the line a can^ful soldier can keep his kit in good 


• But thk safeguard was not aufRcient Officers are not judges of ezoellenoe of cloth ; for 
thii it requirea special training. As Robert Jackson said tifty ago ; Soldieis* clothing is 
tnspeetsdf and approved by less competent udgei than those who purchase for themselvea.** 

f Much ii owing to theexerti<nis of Thomas Troubridge, C.B., and Colonel Daubeny, O.B., 
who hava had the oiganisation of thia important establishment 
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Older at a cost of about L.1 per annum. The following are the articles of the 
kit supplied to tiie infantry recruit : — 


Artides of the Kit {Infantry) supplied to a Soldier on joining^ and afterwards 

up at his own expense. 


1 Forage cap. 

1 Shell>jacket. 

1 Stock. 

3 Cotton shirts (or 2 flannel). 
3 Pairs socks. 

2 Towels. 

1 Knapsack. 

2 Pairs boots. 

1 Pair braces. 

1 Comb. 


1 Eazor. 

Mitts. 

Knife, fork, and spoon. 
Sponge. 

Blacking (one tin). 

1 Clothes brush. 

2 Shoo brushes. 

1 Shaving-brush. 

1 Button-stick. 

1 Hold-all. 


To the Army Hospital Corps and Artillery, a waterproof bag, for part of the 
kit is also issued to each man. Squad bags are also issued to infantry, four 
to each company. 


Articles supplied to a Soldier on joiningj and siihsequentlyy free of expense. 


For a Serjeant. 
Yearly. 


1 Tunic, 

1 Pair cloth trousers, 

1 Pair of leather leggings, 

2 Pairs of boots, . 

1 Pair of summer troust^rs, 

1 Shako, 

1 Greatcoat, . 

1 Worsted sash, . 

In Canada y extra clotliing is served out, viz. — 


Eveiy other yc«r. 
Eveiy other year. 
Eveiy' 3 years. 
Every 4 years. 


For a Private. 
Yearly. 


>♦ 

Every other year. 
Every' other year. 
Every 3 years. 


Fur cap. 

Fur mitten gauntlets. 

Mufiler for neck. 

Long leather boots. 

During marches in the winter other 


Flannel vest and drawers. 

Watch coat of sheepskin or buffalo 
liide, for sentries in mid-winter. 

clothing is issued (sec Marches). 


In India and the West Indies,, and other tropical stations^ light clothing of 
different kinds is used — drill trousers and calico jackets, or in India complete 
suits of the khakee, a native grey or dust-coloured cloth, or tunics of red serge, 
and very light cloth. The l^kee is said not to wash w'ell, and white drill 
is snpeieeding it The English dress is worn on certain occasions; or in certain 
stations. Formerly the home equipment was worn even in tlie south of India ; 
but now the dress is much better arranged, and also differences of costume for 
different places and different times of the year are being introduced. 

During Campaigns extra clothing is issued, according to circumstances. In 
tbe Crimea the extra clothing was as follows for each man : — 

2 Jersey firocks. 1 Cholera Iwlt 

2 Woollen drawers. 1 Fur cap. 

2 Pair woollen socks. 1 Tweed lined coat 

2 Pair woollen mitts. ? 1 Comforter. 


To each ferment also a proportion of sheepskin coats was allowed for 
Mmtries. 
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SECTION IL 
OBJECTS OF CLOTHING. 

The objects of clothing are to protect against cold and against warmth ; all 
other uses will be found to resolve themselves into one or other of these. 

The subject .naturally divides itself into two parts — Is/, The materials of 
clothing ; and The make of the garments. 

Sub-Section I. — Materials op Clothing. 

The following only will be descril^ed — cotton, Hnen, wool, leather, and 
india-rubber. 

Cotton, — Micro 8 co 2 nc Characters, — A diaphanous substance forming fibres 
about diameter, flattened in shape, and riband-like, with 

an interior canal which is often obliterated, or may contain some extractive 
matters, borders a little thickened, the fibres twisted at intervals (about 600 
times in an inch). Iodine stains them brown ; iodine and sulphuric acid (in 
vejy small quantities) give a blue or \aolet blue ; nitric acid does not destroy 
them ; liquor potassaj dissolves them. 



Fig. 82.— Cotton x 285. Fig. 88.~Lmeii x 285. 


As an ariicle of dress , — The fibre of cotton is exceedingly hard, it wears 
well, does not shrink in washit^, is very non-absorbent of water (either into 
its substance, or between the fibres), and conducts heat rather less rapidly than 
linen, but much more rapidly than wool.* 

* Late expeiimente bare been made on the conducting power of niateruUe by Conlier (Pro- 
ftMHKHr of Gbemtitiy St the Vsl de Grioe), sad by Dr Hsmmond (Snrgeon-Oenersl, United States 
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ThB advantages of cotton are cheapness and durability; its hard non- 
absorbent fibre places it far below wool as a warm water-abi^rbing clothing. 
In the choice of cotton fabrics there is not much to be said ; smoothness, 
evenness of texture, and equality of spinning are the chief points. 

In cotton sorting and calico, cotton is alone 
used ; in merino and other fabrics it is used 
with wool, in the proportion of 20 to 60 per 
cent, of wool, the threads being twisted together 
to form the yam. 

Linen, — Microscopic Characters, — The fibres 
are finer than those of cotton, diaphanous, 
cylindrical, and presenting little swellings at 
tolerably regular intervals. The elementary 
fibres (of which the main fibre is composed) 
can be often seen in these swellings, and also 
at the end of broken threads which have been 
much used The hemp fibre is sometliing like 
this, but much coarser, and at the knots it 
separates often into a number of smaller fibiss. 
Silk is a little like linen, but finer, and with 
much fewer knots. 

As an article of Clothing . — Linen conducts 
heat and absorbs water slightly l^etter than 
cotton. It is a little smoother tlian cotton. 
As an article of clothing it may bo classed 
with it. In choasing linen regarrl is luul to 
the evenness of the t]m*ads, and to the fine- 
ne.ss and closeness of the texture. The colour 
sliould ^yi^ wliite, and the surface glossy. 
Scale on Starch is oft<m U8<m1 to give glossiness. This 

Fig. 81— .Sine X 285. is detecUwl by iodine, and removed by the first 

washing. 

Wool — Microscopic Characters. — Kound fibres, transparent, or a little hazy, 
colourless. The fibre is made up of a numlKT of little comets, wdiich have 
become united Tliere are very evident slightly oblique cross markings, 
which indicate the bases of the comets ; and at these points, the fibre is very 
slightly larg(?r. There are also fine longitudinal markings. Tlicre is a canal, 
but it is often obliterated. WTien old and worn, the fibre breaks up into 
fibijllse ; and, at the same time, the slight prominence at the cross markings 



tsmy). lo both cases a polished metallic vessel was filled with hot water of a known tempm* 
tore, a delicate thermometer inserted, and the vessel was hung in an emjity mom ; the ttme 
requited for cooling to a given point, when the vessel was uncovered and covered by diffetent 
fatvica, was noted by the observer at a distance with a magnifying gloss. 


CkmUef^g ExperimenU. 

Time mqnked for cooling from 122^ Fahr. to 
WMir. 

Mfn. See 

Vessel uncovered .18 12 

,, covered wHh cotUm abirting 11 80 

t, ,f lininga 11 15 

,, „ hemp lisiiig 11 25 

M „ blnewoolkncloth 

for nnifomui 14 45 

M red do., for 

imtfoiiiis 14 50 

,f n blue do., lor 

giestooate 15 5 


Time requited for cooling from 150* Pahr. 
to 140* Pahr. 

Vessel ancovered . . . 15 TT 

covered with cotton shirting 0 42 

„ linen shirting 7 24 

„ white fiannel 12 85 

„ dark blue woollen cloth 14 5 

,1 lightblnewoollenoloth 18 50 
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disappeaxB^ and even the markings become indistinct. By these chaiactm, 
old wool can be recognised. Size of fibres varies, but on an average is given 
by the figure. The finest wools have the smallest fibres. 

As an article of Clothing . — ^Wool is a bad 
conductor of heat and a great absorber of 
water. The water penetrates into the fibres 
themselves and distends them (hygroscopic 
water), and also lies between them (water of 
interj^sition). In these respects it is greatly 
superior to either cotton or Imen, its power of 
hygroscopic absorption being at least double 
in proportion to its weight, and quadruple in 
proportion to its surface. 

This property of hygroscopically absorbing 
water is a most important one. During per- 
spiration the evaporation from the surface of 
the body is necessary to reduce the heat which 
is generated by the exercise. When the exer- 
cise is finished, the evaporation still goes on, 
and, as already noticed, to such an extent as 
to chill the frame. When dry woollen clothing 
is put on after exertion, the vapour from the 
sui^e of the body is condensed in the wool, 
and gives out again the large amount of heat 
which had become latent when the water was 
vaporised. Therefore a woollen covering, from 
this cause alone, at once feels warm when/ 
used during sweating. In the case of cotton 
and linen the perspiration passes through Fig. 86.— Wool x 286. 

them, and evaporates from the external surface Scale, inch, 

without condensation ; the loss of heat then continues. These fi&cts make it 
plain why dry woollen clothes are so useful after exertion. 

In addition to this, the texture of vrool is warmer, fixjm its bad conducting 
power, and it is less easily penetrated by cold winds. The disadvantage of wool 
is the way in which its soft fibre shrinks fr^m washing, and after a time the 
fibre becomes smaller, harder, and probably less absorbent. 

In the choice of woollen underclothing, the touch is a great guide. There 
should be smoothness and great softness of texture ; to die eye the texture 
should be close ; the hairs standing out from the surface of equal length, not 
long and straggling. Tlie hea^ider die substance is, in a given bulk, the better. 
In the case of blaidcets, the softness, thickness, and closeness of the pUe, the 
closeness of the texture, and the weight of the blanket, are the best ^des. 

In woollen cloth the rules are the same. When held against the light, the 
cloth should be of uniform texture; without holes; when folded and 
suddenly stretched, it should give a clear ringing note j it should be very 
resistant when stretched with violence; the “tearing power” is the best, 
perhaps the only, way of judging if “ shoddy ” (old us^ and worked-up wool 
and cloth) has been mixed with fresh wool At the Government Clothing 
EstabUshment at Pimlioo, a machine is used which marks the exact weight 
fieoessaiy to tear across a piece of cloth. A certain weight must be borne by 
ev^ piece of cloth. 

Ine dye also must be good, and of the kind named in the contract, and 
tests muirt be applied. 

Lsaiker . — CWce of leather ; it should be well tanned, and without any 
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0f oonofiioxly 01 attacks of insects. The thinner kind diould be pesr* 
snpple. 

Leather is not only used for shoes, leggings, and accoutrements, it is em- 
ployed occasionally for coats and trousers. It is an extremely warm clothing, 
as no wind blows through it, and is therefore well adapted for cold, windy 
climates, lather or sheepskin coats are very common in Turkey, Tartaiy, 
Persia, the Danubian Provinces, and everywhere where the cold north winos 
are felt. In Canada, coats of sheepskin or buffalo-hide have been found very 
usefid, and are conunonly used for sentries. 

InduHTubher Clothing , — ^like leathern articles, the indiarrubber is an ex- 
ceedingly hot dress, owing to the same causes, viz., impermeability to wind, 
and condensation and retention of perspiration. It is objected to by many 
on these grounds, and especially the latter ; and Levy informs us, that the 
Council of Health of the French Army have persistently refused (and in his 
opinion, very properly) the introduction of waterproof garment into the 
army. Hi however, woollen imderthings are worn, the perspiration is suffi- 
ciently absorbed by these daring the comparatively short time waterproof 
dothi^ is worn, and the objection is probably not valid, unless the waters 
proof is continually worn. 

The great use of waterproof is, of course, its protection against rain, and in 
this respect it is invaluable to the soldier, and should be li^ly used. By 
the side of this great use, all its defects appear to me to be minor evils. 

India-rubber cloth loses in part its distensibility in very cold countries, and 
becomes too distensible in the tropics. 

General Condaeiom. 

Protection against Cold . — For equal thicknesses, wool is much superior to 
either cotton or linen, and shoiild be worn for all underclothing. In case of 
extreme cold, besides wool, leather or waterproof clothing is useful Cotton 
and linen are nearly equal 

Protection against Heat — Texture has nothing to do with protection from 
the direct soln^ rays; this depends entirely on colour. Wldte is the best 
colour; then grey, yellow, pii^ blue, black. In hot countries, therefore, 
white or light-grey clothing should be chosen. 

In the shade, the effect of colour is not marked. The thickness, and the 
conducting power of the material, are the conditions (esp^ially the former) 
which influence heat. 

Proieetwn against Cold Winds . — For equal thicknesses, leather and india- 
rubber take the first rank ; wool the second ; cotton and linen about equal 

Ahsorption of Perq^iration . — ^Wool has more than double the power of 
cotton and linen. 

Absorption of Odours . — This partly depends on colour ; and Stark’s obser- 
vations show l^t the power of absorption is in this order — black, blue, rod, 
green, yellow, white. As &r as texture is concerned, the absorption is in 
proportion to the hygroscopic absorption, and wool therefore absorbs more 
than cotton or lineiL 

ProteeHon against Malaria . — ^It has been supposed that wearing flannel 
next the skin lessens the risk of malaria. As it is generally supposed that 
the poison of malaria enters either by the lungs or stomach, it is dM^ttoaee 
how protection to the skin can prevent its action ; except indirectly, by pre- 
venting chill in persons who have already suffered from ague. But the very 
great autiiorit^ of Andrew Combe, drawn from experience at Borne, is in 
mvour of its having some influence ; and it has been used on the west coast 
of Africa for this pnrpcse, with appairatly good results. 
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Sub-Section II. — Make of Garments. 

Special ArUeles of Soldiers' Clothing. 

It will be convenient to divide clothing into two sections ; lety Under- 
clothing ; Outer-clothing. In both cases, these articles of clothing must 
answer their purpose, which is protection fi^)in cold or from warmth, without 
at all interfering with the freest action of muscles or the circulation of the 
blood, and without pressing on any important part 

1. Under-dothing^ viz., vests, drawers, shirts, stockings, flannel-belts, &c. 

The soldier, as a lule, wears as under-clothing only a calico shirt and socks. 
He is obliged to have in his kit either three calico or two flannel shirts. As 
the calico shirts are cheaper to keep up, he generally prefers these. Some 
regiments, however, have the custom of using only flannel shirts. 

The majority of army surgeons recommend the ^nnel in place of the cotton 
shirt, and advise that it shall be of grey colour. Pringle, Kobert Jackson, 
Sir James M^Grigor, Ballingall, Kanald Martin, Norman Chevers, and many 
other surgeons d^ and living, have spoken -strongly on this point. On the 
other hand, some army surgeons, of whom Luscombe may be considered the 
most authoritative, have objected to the use of flannel, chiefly on the ground 
of the difficulty of cleaning it. 

There can be no doubt, I believe, that all theoretical considerations are in 
favour of tlie use of flannel ; and there is much practical evidence of its use. 
For the soldier's life of exertion it would seem peculiarly fitted. The objec- 
tions to it are these : Flannel shirits require more washing than calico, and 
are less easily and more expensively washed. In time of war, when water is 
scarce, they get very dirty, and becoming impregnated with perspiration and 
cuticle, they become very oflensive. Woollen clothes are probably the chief 
media by which animal poisons are carried when they are conveyed in 
clothes. 

In time of war, flannel shirts may be partially cleaned in this way : The 
soldier should wear one and carry one ; every night he should change ; hang 
up the one he takes off to dry, and in the morning beat it out and shake it 
thoroughly. In. this way much dirt is got rid of. He should then carry this 
shirt in his pack during the day, and substitute it for the other at night. If 
in addition great care is taken to have washing parades as often as possible, 
the difficulty of cleaning would Ix) avoided. 

Another objection to flannel is, that it shrinks in washing, becomes hard, 
rucks up, and causes irritation. This can be avoided in part, by choosing 
good, soft flannel, and shrinking it l>efore making up.* Some new flannels, 
however, are irritating, because the bases of the little comets project some- 
what on the surface ; washing will remove this. Without overlooking the 
objections to flannel, it seems to me that they by no means set aside its great 
advantages, and that the objections are chiefly of detail, and can be avoided 
by care, A grey flannel is now issued by the Clothing Department at 
I^lico, which seems to be a most excellent fabric. Grey seems to be the 
best colour for flannel It has been objected to as concealing dirt, but the 
white flannel, even when not really dirty, soon looks so, and has a 'bad 
appearance, and a dirty grey flannel can re^y be easily detepted. 


* It is well worth conaidention whether the introduction of 20 or 80 per cent. of cotton 
would sot obviate the shrinking of flannel, and so do away with one ol^ection. 

z 2 
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for kot coontiies, the common English flannels are much too thick and 
irritating ; flannel must be exceedingly fine, or what is perh^s better, merino 
ho(&^, which contains from 20 to 50 per cent, of cotton,* could be used. 
The best writers on the hygiene of the tropics (Chevexs, Jeflreys, Moore) have 
all recommended flanneL 

The soldier wears no drawers, but in reality it is just os important to coyer 
the legs, thighs, and hips with flannel as the upper part of the body. Drawers 
folding well over the abdomen form, with the long shirt, a double fold of 
flannel over that important part, and the n^essity of cholera belts or kummer- 
bunds is avoided. Cholera belts are made of flaimel, and fold twice over the 
abdomen. 

The soldiers’ socks are of cotton ; it would be desirable to have them either 
all of wool, or half cotton half wool ; they should be well shrunken before 
being fitted on. It has been propo^ to divide the toes, but this seems an 
unnecessary refinement It has been proposed to do away with stockings 
alt(^ther, but with the ^stem of wearing shoes, it is difficult to keep the 
feet perfectly clean. The boots get impregnated with perspiration. Some of 
the German troops, instead of stockings, fold pieces of calico across the foot 
when marching ; when carefully done, this is comfortable, but not, 1 believe, 
really better than a good sock kept clean. 

2. Outer Garments . — ^The clothes worn by the different arms of the service, 
and by different regiments in the same branch, are so numerous and diverse, 
that it is impossible to describe them. In many cases, taste, or parade, or 
fknta^ simply, has dictated the shape or the material. And diversities of 
this kind are especially noticeable in times of peace. When war comes with 
its rude touch, everytb^g w'hich is not useful disappears. What can be easiest 
borne, what gives the most comfort, and the greatest protection, is soon found 
out. The arts of the tailor and the orders of the martinet are alike disregarded, 
and men instinctively return to what is at the same time most simple and 
most useful It will be admitted that the soldier intended for war should bo 
always dressed as if he were to be called upon the next moment to take the 
field. Everything should be as simple and effective as possible; utility, 
comfort, durability, and facility of repair, are the principles which should 
regulate all else. The dress should not be encumbemd by a single ornament, 
or embarrassed by a single contrivance which has not its use. El^^t it 
may be, and shoidd be, for the useful does not exclude, indeed often implies, 
the beautiful, but to the eye of the soldier it can be beautiful only when it is 
6ffective.t 

Head-Dress . — ^The head-dress is used for protection against cold, wet, heat, 
and li^t It must be comfortable ; as Ugbt as i» consistent with durability ; 
not press on the head, and not be too close to the hair ; it should permit some 
movement of air over the head, and therefore openings, not admitting rain, 
must be made, and should present as little surface as possible to the wind, so 
that in rapid movements it may meet the least amoxmt of resistance. In some 
cases, it must be rendmed strong for defence ; but the conditions of modem 
war axe rendering this less necessary. 

As it ia of great importance to reduce all the dress of the soldier to the 
smaUeet weight and bulk, it seems desirable to give only one head-dress, 
instead of two, as at present Bemembering the conditions of hia life, hia 


• Just Mm^sottcm fluniiis, I got •<mie fins merIxK) lioiisiy uiads of s Idiri saHab^ 
India. I fottad tmt vrlth 40 par cent of cotton, a fabric could be mri of an ssoatknt quality, 
and within of the soU^ ^ 

t U tsttiM, am laqualla la mllitalis cot prit 4 naichir 4 rsnaami, ast toidoiuni halli 
Vaidy). 
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exposoie, and his night-work, the soldier^s head-dress should he adapted for 
sluing in as well as for conunon day work. Another point was brou^^t 
into notice hy the Crimean War ; in all articles of clothing, it much facilitates 
production, lessens expense, and aids distribution, if the different articles of 
clothing of an army are as much alike as possible ; even for the infantry, it 
was found difficult to keep up the proper distribution of the different insignia 
of regiments. 

Head-Dress of the Infantry . — ^The present head-dresses are the bearskin 
caps for the Guards, busbys for the Foot Artillery and Engineers, the High- 
land bonnets and shakos for the Line, and forage-caps made of cloth for alL 

Nothing can be said in fayour of the bearskin. Its shelter from rain is 
imperfect, it does not protect the* eyes from light, it is very hot, it is 
extremely high, opposes a great surface to the air, and weighs 37 ounces. 
It is not even an imposing head-dress, because it destroys &e idea which 
should at once arise in looking at the soldier of mixed force and rapidity. 
In 1854, the embarkation of the Guards for Malta was delayed some days in 
order that the bearskins might be lowered. It is, however, stated that the 
Guards were the only regiments who did not throw away their shakos in the 
Crimea ; still, there might be other reasons for this, such as the esprit de corps^ 
and the chance of paying for the bearskin. The head-dress of the Artillery 
and Engineers is the busby, neither a showy nor an useful article. 

The ^otch bonnets of the Highlanders are very showy, but no Highlander 
ever carried the large feather, which destroys the very character of the cap, 
and renders it heavy and difficult to carry in high winds.. The single feather 
for officers would be much better. The shako of the Infantry of the line has 
undergone many changes. Some of the old shakos are most extraordinary ; 
excessively weighty, conical in shape, with the base upwards, so as to be 
top-heavy. In former years, 1 have seen men, when at the double, keeping 
their heads quite stiff to prevent their shakos rolling off, or holding the 
shakos with their hands. The wind caught shakos of this kind, and the men 
were obliged to have their chin straps as tight as possible to keep them on. 
The Albert hat was an immense improvement ; it was lighter, of a fsdr shape, 
and with a rim behind to prevent the rain from trickling down the back. Men, 
however, could not sleep in it. Even this shako was so. incommodious that 
the men threw it away in the Crimea, and campaigned in their forage caps. 

The present shako is the best that has ever l^en issued ; it is made of two 
pieces of waterproof cloth, sewn together by the sewing-machine ; its shape is 
slightly conical \ its height is 4 inches in hont, 64 behind ; weighty 9| ounces, 
including the ball and brass plate, which weigh If ounces. The oilskin cover 
weighs, in addition, 1^ ounces. The peak is horizontal, and measures 2f 
inches. There is no rim behind to direct off the rain, but the lower edge of 
the cap comes well down over the head. Another shako has been partly 
issued, made of cloth and calico, with a thin sheeting of cork. This weighs 
only ounces, but is said to be too expensive for use. 

Great as the improvement is over the old dresses, it may be questioned 
whether another change still may not be desirable. Without copying the 
French kepi or the fez, to which there are many objections, a model of 
a head-dress is already naturalised among us. 

The Glengarry Scotch cap, with a peak and a waterproof falling flap be^d, 

' and with ear-flaps, to be put down in case of rain, or in sleeping out at night, 
has these great advantages. It is very soft and comfortable, presses nowhere 
on the heiS, has sufficient height above the hair, and can ^ ventilated by 
ojpenings if desired ; it cannot be blown off ; it can be carried at the top of 
the head when desired in hot weather, or pulled down completely over the 
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feidMd and aais in cold ; with a lazge flap bdiind, and ear-flaps^ it makea 
Ndiat iho aoldioir wants, a comfoitable night-cap, ahdteiing the back and 
sides of the neck as well as the head. It is al^ both an elegant and a 
head-diess. Divested of the showy but objectionable fea&er, which 
biw been foisted in the Highland regiments on the original bonnet, it would 
be the best head-dress in any army for temperate and subtropical climates, 
and mi^^ht be used both for ^ako and forage cap. 

The peak of the shako in the English army was worn qmte horizontally 
about thirty-flve years ago i it was tlien made almost vertical, and is now 
horizontal It is perhaps now too horizontal, as it does not shade 

the eyes at all when the sun is low ; a moderate curve would be better. 

Head Dresa of the Cavalry.— The Horse Artillery and Cavalry cany hel- 
mets and caps of different kinds. 

The shape of the helmet in the Guards, and heavy dragoons, is excellent 
It is not top-heavy ; offers little surface to the wind ; and has sufficient but 
not excessive height above the head. The material, however, is objectionable. 
The metal intended for defence makes the helmet very hot and heavy ; and the 
helmet of the Cavalry of the Guard, weighs 55 ounces avoir. ; that of the 
Dragoon Guards, 39 ounces (in 1864). But as every ounce of unnecessary 
weight is additional unnecessary work thrown on the man and his horse, it 
is very questionable whether more is not lost than is gained by the gi^t 
weight caused by the metal. Leather is now often substituted in some armies, 
where the cavalry helmets are being made extremely light. 

The Lancer cap ifciglis 34^ ounces ; the Hussar, 29| ounces. Both are 
dresses of fantasy. Tire Lancer cap, except for its weight, is the better of the 
two ; is more comfortable ; shades the eyes ; throws off rain better ; and offers 
less resistance to moving air than the Hussar cap. 

The undress or forage cap of all coqw is a cloth cap, with or without a 
peak, and vaiying in sha|)e and kind, according to the regiment, and weighing 
about 5 ounces. With a good simple shako, it would seem unnecessary for 
the infimtiy to have a second cap. 

In Cana^ a fur cap is used, with flaps for the cars and sides of the face 
and neck. 

In India, many contrivances have been used. Up to the year 1842, little 
attention seems to have been paid to the head-dress of the infantry, and the 
men commonly wore their European forage cai>s. In 1842, Lord Uardinge 
issued an order, tliat white cotton covers should be worn over all caps ; sub^ 
quently, a flap to fall down over the back of the neck was added. The effect 
of the cotton cover is to reduce the temperature of the air in the hat about 
4® to 7® Fahr. Although a great improvement, it is not sufficient 

Afterwards, other ph^ came into use. Pith and bamboo wicker helmets, 
covered with cotton, have been much used ; especially the latter, which are 
very light, durable, not easily put out of shape, and cheap. The rim should not 
bft h^orizontal, but curved, so as to protect from the level rays of the sun. The 
pith, or ^ Sola ** hats, appear to be decidedly inferior to the wicker helmets ; and 
men have had sun-stroke whfle wearing them. It seems Improliable that any- 
thing better than the wicker hat will ^ devised ; but the su^estions which 
have been made are numerous. It has been proposeci to have amright metallic 
sorfiice to reflect the heat but no metal can Ije provided except aluminium, 


tits jgisat of the rsflscting head-drsMi proaoesd by Mr Jsibys 
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which is light enough ; and alumininm is at present mtich too expensive. 
A modification of the Chinaman*s or Malay’s cap has been proposed. In 
this cap, a small flat band passes round the head ; and thin uprights this 
support a sort of dome, made of pith or intertwined bamboo, covered with 
cotton. The sides of the dome come down low enough to shield the eyes and 
the side of the head. The band does not adhere very firmly to the head, and 
the cap blows off easily ; but the ventilation of the head is excellent, The 
Malay cap has an exceedingly wide rim, which gives capital shelter, but is 
not convenient* 

The turban has never been much worn in India by the English. It requires 
some time and care to put on ; and if not well arranged, is hotter than the 
wicker helmet. 

In the French infantry, the shako is now made of leather and pasteboard, 
and is divested of all unnecessary ornament ; so as to be as light as it can be. 
It covers well back on the head ; being prolonged, as it were, over the occipital 
protuberance. 

In Algeria, the Zouaves, Spahis, and Tirailleurs, wear the red Fez, covered 
with a turban of cotton. In Cochin-China, the French have adopted the 
bamboo wicker helmet of the English. 

The natural hair of the head is a very great protection against heat. Various 
customs prevail in the East. Some nations shave the head, and wear a large 
turban ; others, like the Burmese, wear the hair long, twist it into a knot 
at the top of the head, and face the sun with scarcely any turban. The 
Chinaman’s tail is a mere mark of conquest. The European in India, generally 
has the hair cut short, on account of cleanliness and dust. A small wet 
handkerchief, or piece of calico, carried in a cap with good ventilation, may be 
used with advantage ; and especially in a hot land wind cools the head greatly. 

Cravat or Neckdoth, — ^Few things have given rise to more controversy than 
the question of the utility of the English soldier’s stiff stock. In the days 
when the stock was at its worst, it was composed of extremely stiff leather, so 
hard and firm, that it was impossible to bend the neck. It rubbed against^ 
and irritated the submaxillary glands, and was so uncomfortable, that it was 
months before recruits could Wear it with ease. Kecruits were sometimes made 
to sleep in it, in order to accustom them to it more quickly. Of late years, 
the stock has been made lower, and more flexible ; but this modified stock is 
still worn in England, though it is now quite discarded in India, where a thin 
handkerchief takes its place. 

It certainly seems wonderful that an apparatus of this kind should have 
found defenders ; for it was not merely uncomfortable, and somewhat impeded 
the return of blood through the external jugulars, and hindered the action of 
some of the accessory muscles of respiration, but also (what would be more 
perceptible to soldiers) rendered imjwssible the bending and varying attitudes 
of the neck, which occur when a man makes a strong exertion. For great ex- 
ertion with the upper extremities cannot be made, if the clavicles and scapula 
are not rigidly fix^ ; and they cannot be fixed unless the neck can easily 
bend. On every account, physiological and mechanical, the neck should be 
left as bore as possible. Nor is there any medical reason why it should not 
be. Like the face, the neck soon gets accustomed to exposure ; and besides, 
if we let Nature follow her own course, there is the beard to shelter important 
parts. Among many work-people exposed to vicissitudes of weather, among 
English sailors and the French Zouaves, the neck is left quite bare without 
injury. A stock may, indeed, turn a half-spent rifle boll ; but dothea are 
not to be considered a defence ; and even if they were, where are we to stop 
in our application of such a principlef In time of war, also, the stock is at 
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03106 tliiowii 9SWSJ, In the Crimea, the stock and the shako were at once 
discaided* 

If the neck is covered at ^11, it should be with a very thin and impple cloth. 
The collar of the coat should be made low and loose, so as to give full freedom 
to every movement of the neck, and not to compress the root of the neck in 
the slightest degree. 

In Algeria, the I^ench troops have long worn a thin cravat of cotton ; and 
a decree of March 1860 extended its use to all the corps of in&ntxy. 

Coatf TuniCf ShelUJacket, — ^The varieties of the coat are very numerous 
in the army ) and there are undress and stable suits of different lunds. The 
in&ntiy now wear the tunic, which is a great improvement over the old cut- 
away coatee. It is still, however, too tight, and made too scanty over the hips, 
and across the abdomen. A good tunic should be with a low collar, and 
loose round the n^ck, over the shoulders (so as to allow the deltoid and latis- 
simus the most unrestricted play),* and across the chest. It should come 
well across the abdomen, so as to guard it completely from cold and rain ; 
descending loosely over the hips, it should fall as low over the thighs as is 
consistent with Reeling in rifle practice, t. c., as low as it can fall without 
touching the ground. Looking not only to the comfort of the soldier, but to 
the work and force required of him, it is a great mistake to have the tunic 
otherwise than excee^gly loose. A loose tunic, a blouse in fact, is in 
reality a more soldier-like dress than the tight garment, which every one sees 
must press upon and hinder the rapid action of muscles. The tunic should 
be w^ provided with pockets ; not only behind, but on the sides, and in 
front ; the pockets being internal, and made of a very strong lining. In time 
of war, a soldier has many things to carry ; food, extra ammunition sometimes, 
all Bo^ of little comforts, which pack away easily in pockets. If the 
appearance is objected to, they need not be used in time of peace ; but with 
a loose dress, they would not be seen. 

The colour of the tunic is red in most regiments. It is a very striking 
colour, but it soils easily ; and as it appears to be more easily seen at a distance 
than other colours, there can be little doubt that the inexorable necessities of 
war will soon cause the red coats ” of England to be merely historical. 

The shell-jacket and the stable-suit need not be described. 

In India, the tunic is made loose, and of thin material. Mr Jeffreys has 
suggested that a bright metallic-like surfiice should, if possible, be given to 
the cloth, so as to reflect the heat. lie has also proposed to have the tunic 
made with a series of flounces, pierced with ventilating holes, so as to offer a 
slow conducting material, but this seems unnecessary. 

WavdeoaU. — No waistcoats are worn in the British army, but they ought to 
be introduced. Pringle, 120 years ago, strongly advocated their use. A long 
waistcoat with arms is one of the most usef^ of garments \ it can be usra 
without the tunic when the men are in barracks or on common drill Put on 
under the tunic, it is one of the best protections against cold At present the 
men are obliged to wear tight coats, and having nothing under them, line them 
with flannel and wadding. In winter and summer they often wear the same 
dress, although the oppression in the summer is very great If the tunic were 
made very loose of some light material, and if a good ^ort Jersey or Ouemsqr 
frock were allowed to he worn at the option of the men, the men would have 
eool dresses in summer, warm in winter, and the thin tunic would be more 
oomfortable in the Meditomneen and subtropical stations. 

* aaditto to be hoped aotbifle will erer ocotr to 

bfiag is aeelft tlie w of tMM eo^calM 
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Troufers. — ^Fomerfy the amy wore breeches and I^igings ; but shortly before 
or during ihe Peninsular War trousers were introduced. The increas^ com- 
fort to the soldier is said to have been remarkable, the trouser, indeed, pro- 
tecting the leg quite down to the ankle, seems to be as good a dross as can be 
devised, if it is made on proper principles, viz., very loose over the hips and 
knees, and gathered in at the ankle, so that merely sufficient opening is left 
to pass the foot through. The much-laughed-at pegtop trousers seems to be 
in fiwst the proper shape. In this way the whole leg is protected, and the 
increased weight given by the part of the trousers below the knee is a matter 
of no consequence. 

In the French army the trousers are now made large at the ankle, so as 
to be turned up inside during marches] a fastening is placed inside the 
trousers below the knee, and the trousers then falling fi^m this reach to 
mid-leg. 

. The “ knickerbockers” differ from this, as they cannot be let down. It 
has been proposed to introduce them into the army, and they are actually in 
use in some volimteer regiments. But though very easy, and adapted for 
gentlemen while shooting, they do not seem to me fitted for the soldier. 
Leggings constantly worn are necessary, or the leg is left bare. Now, the sol- 
dier requires a garment which may constantly cover liim, and the rather 
heavy leggings are not adapted for this. It is also introducing two gar- 
ments where one would do, and therefore increasing the complexity of the 
dress, and lessening the rapidity of dressing. Besides, what is gained by this, 
if the trousers are made equally loose about thd hips and knees and calves 1 It 
is here that the impediment to free movement exists. The trousers at present 
are made |o tight over the hips that to overcome their resistance, some force 
is lost every time the muscles act. 

In the ]^glish army leather leggings are now worn over the trousers ; they 
keep the trousers dry. But would it not be better to adopt the plan used in 
some cavalry regiments, of letting the lower part of the trousers be made of 
thin leather? It would do away with one garment, would be sufficient pro- 
tection, and would be easily cleaned ; and in going through jimgle would 
not be liable to be tom. 

The trousers are supported either by braces or a belt. If the latter be used, 
it should be port of the trousers, should fit just over the hip, and not go 
round the waist It must be tight, and has one disadvantage, which is^ 
that in great exertion the perspiration flowing down from above collects 
there, as the tight belt hinders its descent. Also, if heavy articles are car- 
ried hi the pocket, the weight may be too great for the belt Braces seem, 
on the whole, the best 

Trousers should be made with large pockets, on the principle of giving the 
men as much convenience as possible of carrying articles in time of war. 

In India trousers are made in the same fashion as at home, but of drill 
or khakeo cloth, or thin seige<— -an excellent material especially for the nor- 
thern stations. ^ 

Leggings and CkUtere, — Formerly long laggings readiing over the knees, and 
made of untanned leather, were used. They appear not to have been con- 
sidered comfortable, and were discarded about fifty years ago. Short gaiters 
were subsequently used for some time, but were finally given up, and for 
several years nothing of the *^d was worn. After me Crimean War, 
Lord Herbert introduced for the infimtry short leather leggings, 6 inches 
in height, and buttoning on the outside. These leggings give after a time, 
and ruck up. 'I^ey^mnt also a flap over the instep to mrow off the wet, 

In some of the French regiments a gaiter of half-dressed hide eomes up 
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to just below the knee ; short calico or linen gaiters are worn by other corps ; 
a comes forward oyer the instep. 

The calico gaiters have been much praised, but they soon get saturated with 
perspiration, thidkened in ridges, and sometimes irritate l£e skin. On the 
0&er hand, leather gaiters, if not made of good leather, lose their suppleness, 
and press on the ancles and instep. 

A great advantage of gaiters and leggings is that at the end of a march they 
can be at once removed and cleaned ; but on the whole, if suitable leather 
could be fixed to the bottom of trousers, it seems to me they might be aban- 
doned. 

Shoes and Soots , — ^In the action of walking the foot expands in length 
and breadth ; in length often as much as 'j^th, in breadth even more. In 
choosing shoes this must be attended to. The shoemaker measures when 
the person is sitting, and as a rule allows only i^th increase for walking. 
Ankle boots, weighing*^ 40 to 42 ounces, are now worn by the infantry ; the 
cavaliy have Wellingtons and jackboots The jackboots of the life Guards 
weigh (with spurs) 100 ounces avoir. Shoes caimot be worn without gaiters. 
Ankle boots are preferable ; in the English army they are now made to lace, 
and are fitted with a good tongue. Great attention is now paid at Pimlico 
to the shape and n^e of the l)oot,* and the principles laid down by 
Camper, Meyer, and others, are carefully attended to. There are eight sizes 
of length and four of breadth, making thirty-two sizes in all. The boots are 
made right and left. The heel is made very low and broad, so that the weight 
is not thrown on the toes, the gastrocnemii and solei can act, which they 
cannot do well with a high heel, and tliere is a good base for the column 
which forms the line from the centre of gravity, and the centre of gravity is 
kept low ; the inner line of the boot is made straight, so as not to^push out- 
wairis the great toe in the least degree, and there is a bulging over the root of 
the great toe to allow easy play for tliat large joint. Across the tread and toes 
the foot is made veiy bro^, so that the lateral expansion may not be un- 
peded ; the toes are broad. The greatest care is taken in the inspection of 
the boots, the order of inspection being — Isf, The proof of the size, which is 
done by standard measure ; 2d, Tlie exctdlence of the leather, which is 
judged of by inspection of each boot, and by selecting a certain number from 
each lot, famished by a contractor, and cutting them up ; if anything wrong 
is found, the whole lot is rejected ; 3d, The goodness of the sewing ; there 
must be a certain number of stitches per inch (not less than eight for the 
upper leathers), a certain thickness of thread, and the thread must be well 
waxed. The giving up of boots is generally owing to the shoemaker using a 
large awl and thin unwaxed thread, with as few stitches as possible ; the 
work is thus easier to him, but the thread soon rots. 

Sometimes boots are not sewn, but pegged, but there seems to be some 
difficulty in repairing them on service, and after some trial they have been 
given np in the English service. 

Some other pla^ have been proposed, Mr Dowict has introduced an 

^ Tbs fanportmoe of s good boot is known to erery soldier. Mirsbsl Saxe naft bi bla 
** Memohra^ that tbere Is no article of the soldieKs dress mono important, and that battles are 
won by legs. Sir Jobs Bnigoyisk in bla isterestiiig paper on Drsse {•* Profeasloiial Panais of 
the Boyal Bngiiioeis,** 1868, p IS), telle an anecdote of the Duke or WelUngtott. On bslng 
asked what waa the beat reqnirite for a soldier, the Duke replied, go^ pair of aboeaT 
Whainextl A spare pair of good aboeaf” Wbatnextl A spare pmr of 
t Mr Dowk is a boot and shoe maker in the Strand. He has the ersdit of writlngewy 
•mSble woHc on the ^'Vooi and ita Corsring** some years ag(K in which be inoonmiated 
Gimpei's wdLlmowB and pbiloaopliioal treatise on the Foot. To Mr Dowie mnst eartuiily be 
ghren the oiodH of baring again dlmcled attention to this poini . Other wofka bara lately naan 
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elastic, instead of the rigid, ** waist/’ This bends easily with the foot, and 
thus all the muscular ^ort necessary for overcoming the resistance of the 
ri^ waist is gained for progression.. A similar object is sought for in the 
“ Hythe boot” of Colonel Carter, who has introduce a slit across the tread, 
which permits enough movement to give increased facility in walking, and 
especially in going up hills, and to render some of the attitudes in rifle prac> 
tice more easy. Some shoemakers now put two or three slits in the sole, 
filling them up with vulcanized india-rubber. Others have used a thin elastic 
Steel band in the “ waist.” 

Mr Dowie’s boots have been under investigation by the War Office authori- 
ties, but have not been introduced. The question is, whether their increased 
expense is compensated for by increased ease and efficiency, and whether they 
are fitted for all the work a soldier may have to do, for example, digging in 
trench work. They appear to be easily mended, so that is no objection. It 
would seem desirable, by an exact and practical inquiry, to see whether 
marching is facilitated, and to what extent. If only two miles a-day could be 
gained, then, ecpferis paribus^ these boots might be introduced with advantage. 
Formerly soldiers were permitted to buy Mr Dowie's boots if they pleas^ 
A certain numl)er did so, but apjjarently did not renew them when worn out. 
The soldier, of course, always prefers the cheax)est article when he has to pay 
for it. At present he receives, however, a free kit, and therefore the objec- 
tion he might formerly entertain against these boots no longer exists. Colonel 
Carter’s boots are also well worthy of a trial. 

Considering the great injury inflicted on the foot by tight and ill-made 
boots, by which the toes are often distorted and made to override, and the 
great toe is even dislocated and anchylosed, it is plain that the increased 
attention lately excited on this point is not unnecessaiy. The compression 
of children’s feet by the tight leather shoes now made is often extremdy cruel 
and injurious. 

It may, indeed, be asserted that the child’s foot would be better if left 
altogether unclothed, and certainly we see no feet so well modelled as the 
children of the poor, who run about shoeless. In the case of the soldier, too, 
who has in many campaigns been left shoeless, and has greatly suffered tiiere- 
£h)m,* it is a question whether he should not be trained to go barefooted.+ 
The feet soon get hard and callous to blows, and cleanliness is really pro- 
moted by having the feet uncovered, and by the frequent washings the prac- 
tice renders necessary. After being unworn for some time, shoes that 
previously fitted will be found too small, on account of the greater expansion 
and growth of the foot, and this is itself a strong argument against the shoe 
as commonly worn. 

The sandal in all hot countries is much better than the shoe, and there is no 
reason why it should not be used in India for the English soldiers as it is by 
the native ; the foot is cooler, and will be more frequently waslied. For all 
native troops, negroes, &c., the sandal should be used and the boot altogether 
avoided In campaigns it is most important to have large stores of hoots at 
various points, so t^t fresh boots may be frequently issued and worn ones 


published, ** Why the Shoe Pinches,** a tnnslation of Dr Meyer's work, and an exodlent work 
on The Foot and Hand,'* by Uonirare^'s of Cambridge. 

• We all know how fMuently this subject is referred to in the Duke of Wellington's des- 
patches. In the India muUny several regiments were shoeless, and the 84th regiment, in its 
impid immuit alter Koer Singh, suHhred greatly horn this cause. 

t Mr Dowie states that at the hatUe of Maida the Highlanders, when ordered to charge, 
stopped to pull off their boots, and tlimi,4tued IVum these incumbrances, made that fsmous 
onset which rendered the first meeting In t^ war, of the French and British soldlcta, so osle- 
hmted. 
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•sat h&dk for repair. Soldiers ought to be trained to repair their own 
boots.* 

Oreateoat and CTdofc— In the cavalry cloaks, with capes which can be 
detached, are carried. They are large, so as to cover a good deal of the horse, 
and are made of good cloth ; the weight is about 66 to 61b for the cloak, 
and to 31b for the cape. The Mantry wear greatcoats weighing from 
41b to 61b. They are now made of extremely good cloth, are double-bitted, 
and are as long as can be managed. They are not provided with pockets, 
which i^ a serious omission, and they also should have loops, so that &e flaps 
may be turned back if desired. The regulation coat is ali^ unprovided with 
a hood, but this ought to be altered ; a waterproof hood for a soldier’s comfort 
is indispensable. Most armies use them, and in countries with very cold 
winds it is cruelty to omit them. 

The greatcoat is perhaps the most important article of dress for the soldier. 
With a good greatcoat, Robert Jackson thought it might be possible to do 
away with the blanket in war, and if india-rubber sheets were used this is 
perhaps possible. In the Italian War of 1859, the French troops left their 
tunics at home, and campaigned in their greatcoats, which were worn open on 
the marckt 

In countries liable to groat vicissitudes of temperature, and to sudden cold 
winds, as the hilly parts of Greece, Turkey, Afghanistan, &c., a loose, warm 
cloak, which can he worn open or fold^, is used by the i^abitants, and 
should be imitated in campaigns. It is worthy of remark, that in most of these 
countries, though the sun may be extremely hot the clothes are veiy warm. 

In very cold countries, sheep-skin and buffalo-hide coats, especially the 
former, are veiy useful. I^^o wind can blow through them ; in the coldest 
night of their rigorous winter the Anatolian shepheids lie out in their sheep- 
skm coat and hood without injury, though unprotected men are frozen to 
death. In Bulgaria, the Crimea, and other countries exposed to the pitiless 
winds from Si^ria and the steppes of Tartary, nothing can be better than 
coats like these. 


* It may be worth while to rive a receipt for making boota impermeable to wet 1 have tried 
the following, and found it eff^ual >l^e half a pound of ahoemaker'a dubbing, half a pint 
of linseed oi^ half a pint of eolation of india-rubber (pHce 2 », jper gallon). Diaeolve with gentle 
heat (it ia veiy inflammable), and mb on the boota. Tlita will last for five or aiz monthe ; but 
it ia well to renew it every three months. At a small expense the boota of a whole regiment 
could be thus made impermeable to wet 

t Cloth may be made waterproof by the foUowing simple plan Make a weak solution of 
glue, and while it is hot add alum in the proportion of 1 ounce to 2 cpiarta ; as soon as the alum 
u dissolved, and while the solution is hot, brush it well over the surface of the cloth and then 
dry. It is said that the addition of 2 drachms of sulphate of cop{>er is an improvement. £s. 
trme heat destroys the waterproof qualitv, so it is possible tliat this may not do for India. 
Bometimes native^roducto in India will make cloth waterproof. Tliis is the case with the wood 
or Thietsle of Bnnnah. When I was serving in Burmah. I made many experiments with 
this eufians sabstanoe, and found that common American drill could be mafie quite waterproof 
with it. 
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WEIGHTS OF THE ARTICLES OF DRESS AND OF THE 
ACCOUTREMENTS, AND ON THE MODES OF CARRYING 
THE WEIGHTS. 


SECTION I. 

WEIGHTS. 

The following tables give the weights of all the articles used by the Heavy 
Cavalry (except the Guards), the Lancers, and the Hussars ;* and the weights 
of the ancles used by the Infantry of the Line. The weights carried by the 
Artillery are much the same as those of the Cavalry. The weights of the 
helmets and jackboots of the Life and Horse Guards have been already men> 
tioned. The cuirass weighs lOIb 12o2. ; it rests a little on the sacrum and 
hip, and in that way is more easily borne by the man. With these excep- 
tions, the weights may be considered nearly the same as those of the Heavy 
Dragoons. 

Cavalry. 

The weight of the accoutrements and equipment is in great part carried by 
the horse. The cloak, when not worn, is carried in a roll over the shoulder, 
or sometimes round the neck, or in front on the horse. 

WeighiB of Dresa^ Equipments^ Amu, and Horse Appointments of the Private 
Soldier in the f>th Dragoon Guards (1863). 


Dress on the Person, 



lb 01. 


Ib oz. 

Helmet, 

2 7 Shirt, 


0 10 

Tunic, 

. 3 2 Socks, . 


0 4 

Leather overalls, . 

. 3 6 Cloak, . 


7 0 

Boots and spurs, . 

3 11 Cape, . 


2 6 

Gauntlets, . 

. 1 0 




Totd, 


. 23 14 


Saddlery. 





1b 

os. 

Saddle-tree, seat, and 

flaps, .... 

. 11 

2 

One pair pannels, 

• • • . • 

. 4 

4 

Girth, girth-stay, and pair of lacing thongs, . 

. 1 

9 


♦ Fbrtl»iisw«iAt«Ih»fetctliinkI>rFy«^l^l>iago<»Gii^ 

•ad Dr Fumt, lOQi RuMait. « 
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Saddlery — continued. 


Stimip irons and leatherSi 

Crupper, 

Breast-plate and neck-strap, . 

Surcingle, 

The set of baggage-straps to fasten valise, 
One pair of wallets and straps, packed, 
One cloak-strap, .... 

One pair of horse-shoes and cases, packec 
One pair horse-shoe straps, 

Carbine bucket and strap, 

Carbine stay-strap, 

Total, . 


Bridle, 

Bridoon and reins, 
Head-collar, . 
Collar-chain, 
Horse-log, . 


lb oz. 

2 lOJ 
1 3 
1 4A 
1 111 
1 51 


Horse A}ypoint7nents. 


Shabraque, . 
Sheepskin, 

HumWi,* 

Valise, packed with kit, 
Corn-sack, 

Corn-bag, 

Total, 


Anm and Accxmtremenis. 

Mess-tin and strap, ..... 

Cloak and cape, 

Carbine, 

Sword-blade, 

Sword-scabbard, 

Waist-belt, with long and short carnage. 
Sword-billets (t.e., straps fastening swo^ to scabljard) 

Sword-knob, 

Ponch-box — 10 rounds and caps, . 

Pouch-belt^ swivel, and cap-pocket, 

Havresac, 

Water-bottle and strap, .... 

Total, 

Wd^i (d all eqnipmenta, 1291b lOf oz. ; total weig 


37 12| 

8 

21 

lb 

OZ. 

4 

91 

5 

13; 

2 

15; 

14 

10,1 

1 

12; 

0 

12i I 

lb 

oz. 

1 

0] 

10 

0 

6 

8 

2 

8; 

2 

1 

0 


0 

3i 

0 

1, 

1 

is: 

1 

lOi 

0 


1 

ni 


45 151 


30 93 


total weight of dra^ 


goon {lbSH)f 1 ^ all equipments, 2821b 10| or. 

^ AtbUOtMiradf^Mdiiiiaistbea^ 

t«1lMweid>t»aiciiniadlto0C|iidiliatofUi«iiienoftli« H 
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Weighi of Men’s Clothes, Necessaries, ^e., lO^A Boyal Hvssars (1863). 


No. Articles. 

1 Tunic, 

1 BusbT, plume, and lines, 
1 Pair leather overalls and 
straps, . 

1 Pair cloth do. do., 

1 Stable*jacket, 

1 Forage-cap, 

1 Vidise, 

1 Cloak, 5!b 8^ oz. ; capo, 
21b 6 oz., 

1 Pair boots, 

1 „ spurs, 

1 „ highlows, . 

I Stable4)ag, 

1 Pair braces, 

I Button- brush, . 

1 Cloth „ 

1 Hair „ 

i Brass „ 

1 Lace „ 

I Shaving ,» 

I Shoe „ (old), 

1 Tin blacking 
1 Hair-comb, 


lb oz. 
2 lU 

1 13j 

U 6 

2 7J 

1 15| 

0 5 

2 7 

j? 14i 

3 Oi 

0 bj 


0 H 
0 3J 
0 2 | 
0 2i 
0 1 
0 li 
0 9i 
0 4l 


No. Articles. lb 

Brought forward, 32 

2 Pairs dmwers, each 13| oz. 1 

2 „ gloves, each 7^ oz. 0 

3 „ worsted Socks, each ) ^ 

4^ oz. . . ) 

Or 3 „ cotton socks, each \ ^ 

Sioz. . . 

1 Brass paste, 0 

1 Hold-all, . . . 0 

1 Horse-rubber, 0 

1 Knife, fork, and spoon, 0 

1 Pipe-clay and sponge, 0 

1 Razor, . . . 0 

3 Shirts, each 14^ oz., . 2 

1 Button brass, . 0 

1 Stock. . . . 0 

2 Towels, 7| oz. each, . 0 

1 Stable trousers, . 1 

1 Tumscrew, . 0 

2 Flannel jackets, each lloz. 1 

1 Oil-tin, . . . 0 

1 Pair foot-straps, 0 

1 Mess-tin and strap, . 1 

1 Account-book, . 0 


Carry forward, 32 13J ’ 

Weight of Saddlery^ \0th Royal Hussars. 

Articles. lb oz. Articles, 

tree, . . . 6 Brought forward, 

seat, . . . 1 Numnah, 

ps, . 2 8l Corn-sack, 

nnels, . . . 4 C| Nose-bag, 

ub, . , . 0 Horse-brush, . 

Esther, . . . Ill Cunycouib, . 

Kirons. . 1 11 f Sponge, .... 

leathers, 1 3 r Hoof-picker, . 

r . . 0 14 1 Scissors, . • . 

>late, ... 1 44 Horse-log, 

?le, . . 0 15 Havresac, 

baggage-straps, 0 9| Carbine, 

cloak-streps, 0 9i Pouch-belt, 16 oz. . 

allets, . 1 14 J Pouch, 17 oil 

koe-cases and streps, i 4 Cap-pocket, 3 oz. . 

e Shoes and nails. 4 9 Ai^unition, cap-tin, and 

arbine bucket, 2 13J worm, 15^ oz. 

bit and bead-stall, 2 2 Waist-belt, &c., lib 1 oz. 

n-l>it and reins, . 1 2 Sabretash and slings, lib 

haSn, ... 0 3} 5ioz.,. . . 

nsg . . 0 UH Sword, 4lb 10 oz. . 


Crupper 
Brefuitplate, . 

Surcinffle, 

Set of baggage-streps, 

„ cloak-streps, 

Pair wallets, 

Pair shoe-cases and streps, 
4 Hone Shoes and nails. 

carbine bucket, 
Bridle-bit and bead-stall, 
Bridoon-l>it and reins, . 
Curb-duun, 

Bit reins, 

Head-collar. . 
Collar-chain . 

Sheepskin, 

Shabreque, . 


2 13| 
2 2 
1 2 
0 3} 

0 UH 

1 

1 12i 

4 % 

4 6i 


Cany forward, 60 


Weight of equipments, 

Total weight of Hussar* 
with idl nis equipments, 


0 

oi 

. 1 

6 

0 

2 k 

0 

o£ 

1 

1 1 

0 


46 

7 

lb 

oz. 

50 

44 

2 

11} 

1 

ll| 

1 


0 

11 

0 

11 

0 

2 

0 

If 

0 

3k 

1 

H 

0 

9 

7 

0 

3 

3i 

7 

Oh 

76 

"lo 

124 

1 


3, 


* Avengs weight of men of lOth Htisssrs (1863) « 1531b 2 oz. ; average hei^t, 5 feet H in. 
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Weight of IWt, Lcmeer't EguipmenU (1863). 


Description. lb. oz. 


OLOTBINO. 


Lancer cap, lines, d;o., 1 
(oommete) 
Unlx^tea ove^s 


2 12 


Booted do. 

Tonic 

Boots 

Ande boots 

Spars 

Gloyes 

Cloak 

Gipe 


3 12 
2 11 
3 8" 

2 10 
0 6, 
0 2 
7 7 

2 


MBCBSSARISSw 

Stable>bag 
Blacking and tin 
Oil botues and oil 
Pair biaces 


Box of brass paste 
Brush, brass 
„ dothes 
„ hail 
lace 

shaving . 
shoe polishing 
blacking . 
Forage cap and strap 
Hair^mb 
Pair cotton-drawers 
Giidle 


M 

»> 

W 


Pair gauntlets 
Under jacket 
Knife and fork . 



Bazor and case . 
Horse-nibber 
Cotton shirts 


Cany forward, 11 10} 


Description. 

!b. 

oz. 

lb. 

Brou^t forward, . 

11 

10 


Piece of soap 

0 

2 


Woollen SOCKS . 

0 


[ 

Pipeclay and sponge 

0 

0 


Button brass (deaner) 

0 

1, 

1 

Stock 

0 

1 

f 

Mess-tin and strap 

0 

14] 

\ 

Towels 

1 

0 


Linen stable-trousers . 

0 

141 

Valise and straps 

2 

16 


Flannel waistcoats 

1 

12 


Plume case 

0 

4 


— 

_ 

80 

ARMS. 




Sword and scabbard . 

4 

7i 


Lance and flag . 

4 

3 


Pistol 

3 

2, 


Pouch and belt (complete) 1 

12. 


Sword-belts 

1 

2. 


Cleaning-rod, pistol, . 

0 

2 

14 

SADDLERY. 




Saddle and bridle 

32 

9 


CoUar-cbain 

2 

3 


Horse-log 

1 



Hose-bag 

1 

*] 


Sponge 

0 

2 


Scissors 

0 

3 


Horse-biush 

0 

11 


Curry-comb 

0 

ih 


Bhabraque 

Sheepskin 

3 

5 

13 

0 


Numnah 

2 

134 

Com sack 

1 

13 


Hoof pick and tumscrew 0 


10 Bounds ball ammunition 


- 


oz. 




lOj 



Total weiji^t of equipment, 116 13: 
Induding man (16^), 268 13| 


Ikpaktby. 

The artidee of diesa and equipment may be divided into those the man 
carriee and those carried for mm. In marchee the soldier now only carries 
what is called the field or Lord Hardingo’s kit ; other articles which fimned 
part of Ute full kit are placed in a squad hog (of which there ate four to each 
company), and are carried for him. The articles of the field kit ate 1 or 3 
cotton (10 ounces each - 20 ounces), a pair of aerge or cloth tronaaa 
(23 to 32 ounces), a pair of aocka (4 ounces), towel (8 ounoea), boots 143 
ounoeel, forage cap (4 to 5 ounoea), hold-all with knife, fork, and apoon (3} 
otmcea), 2 hnidua (6 ounoea), tin of blacking ounoea). 
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WeigJUe of the Infantry Soldier at Home, 


Ib oz. 

The clothes he stands in (including shako), from 9 12 
Field kit in pack, . . . „ 7 9 

Greatcoat, 4 2 

Regulation pack and straps, . . „ 4 0 

Cross-belt, waist-belt, pouch, frog, ball-bag, „ 3 14 
Havresac, 0 8 


lb oz. 


to 

»> 

» 

>» 


10 11 
8 0 
5 0 
4 0 
4 0 
0 8 


29 13 „ 32 3 


Canteen, 

Rifle and sling, 

Bayonet and scabbard, 

Ammunition, 60 rounds, and 75 caps,* . 


In the field : — 

Water-bottle and water, 
Blanket, 

I'hree days’ provisions, . 


„ 1 5 „ 1 5 

„ 9 4 „ 9 7j 

„ 0 14f „ 1 0 

,,5 8 „ 6 8J 

If) 15J „ 17 5 


„ 2 0 „ 2 0 

„ 3 0 „ 5 0 

„ 6 0 „ 6 0 

11 0 „ 13 0 


Total weight earned by the Infantry Soldier. 

Lowest. Highest, 
lb oz. 1!^ oz. 

Clothes, necessaries, and accoutrements, from 29 13 „ 32 3 

Armament, „ 1C 15| „ 17 5 

FMd necessaries, „ 11 0 „ 13 0 

Grand Total, , . „ 57 12J „ 62 8 

The mean of the two is a trifle over 60ft), and thi.s may be considered the 
average weight carried by tlie foot soldier of the line. 


Weight of a Bifleman's Kity Chtkingy and AppointmmtSy with 


20 rounds of Ammunition (1860). 


* 

lb 01. 

Rifle with sling, 

8 12 

Sword and scabbard^ 

. 2 4J 

Kit complete, 

. 18 3 

Greatcoat, . .... 

4 6 

Cany forward 

33 


* It tvpws that the weight of powd«r la each cartHdgevahes from 07*9 to 72^ gnuiis; the 
paper also vtriee in tUokiieii, so that the weight of the ammunition is not always the tame. 

2 A 


Eqoipmbnt. Clotbino. 
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Weight of a Kit, — continued. 


tb oz. 

Brought forward, 33 

Accoutrements, 4 1 

B^mental clothing complete,^ 9 2 J 

Without ammunition, 46 12f 

20 rounds of ball cartridge, .114 

Total, 48 10} 


It may be interesting to give the weights carried by the French infantry 
soldier in 1857. The clotliing of the French army is, however, being altered, 
and varies in different regiments, so that the following table is per^ps not 
now perfectly correct : — 
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Equipment of the French Infantry SMier {in 1857). — continued. 



Nome. 

Weight. 
French mea- 

Weight. 

Total inn. 


English mea- 

avoir., and lOths 



sure. 

• 

sore. 

of a ft. 


• 

Kilogrammes 

lb arolr. and 
lOthtofalb. 



3 Shirts, 550 grammes each, 

1*650 

3-6300 "I 



2 Collars, 30 grammes, . 

•060 

•1320 



1 Pair leather gaiters, 

•380 

•8360 



1 Pair cloth do.. 

•220 

•4840 



2 Pair shoes, 690 grammes, 

1-380 

30360 



1 Pair drawers. 

•440 

•9680 



2 Pair gloves, 25 grammes, 

•050 

•1100 



2 Caps, 45 do., 

•090 

•1980 


3 

1 Pouch cover, 

1 Memorandum book, . 

•070 

•1540 


•030 

•0660 


< 

i 

1 Tunic case, 

•120 

•2640 


Shako cover, 

•100 

*2200 

14-53 

u 

1 Pompon, . 

•050 

•1100 ' 


Case for razors, &c., . 

•070 

•1540 



1 Musette, . . , | 

*140 

•3080 



1 Fusil stop, . . j 

•020 

•0440 



1 Epinglette, , . ; 

•008 ' 

•0176 



1 Pair braces, . ! 

•090 

•1980 



1 Pair buckles, 

•012 

•0264 



1 Ilavresac, 

M33 

2*4926 



1 l^arge strap, 

•120 

•2640 



2 Small round planchettes 1 
for tunic case, . . ( 

•100 

•2200 



1 Zinc bowl, 

•275 

•6050 




Total, 

• 

52-713 


To this weight must he added : — 

Paclc, 

Blanket, .... 
Share of tmte d!nhri9 — about, 
Water-bottle and water, 
Rations for three days,^ 


Grand total, 


ft, 

4*73 

3-5 

3 

2 

6 

19-25 

71*961b avoir, (say 721b). 


Since this time the shako has been made lighter ; the dress has also been a 
little altered, and some of the equipment is not taken in the i^e of war. 
The weight is probably, therefore, diminished at present in time of wer to 
about 60 to 66Ib avoir. 


♦ The Tmkck soldier, however, often cerries as much as 18 ft weight of nitioiis.— Boadgaoh 
MUikUrty p. 

2a2 




372 


WEIGHTS OF DEESS AND ACCOUTREMENTS. 


SECTION II. 

CARRIAGE OF THE WEIGHTS BORNE BY THE SOLDIER 


The weights of the articles borne by the cavalry soldier are of less conse< 
quence than in the case of the infantry, since the horse really carries them. 
At the same time, the efficiency of the horse is greatly lessened by over- 
weighting him, and no one can look through the tables just given without 
wishing that military officers would again turn their attention to this subject, 
and see whether the great weight which even the light-cavalry man and horse 
carries could not be lessened without injury to efficiency. 

In the infantiyat is of the greatest moment to lessen the weight carried to 
the utmost, especially in these days of rapid and 8ud<len movements. A cer- 
tain load must be carried by the soldier, as for example — 

1. Rifle and bayonet. 

2. Ammunition (=1*47 ounces avoir, for each rrmnil.) 

3. Pack and field kit. 

4. Greatcoat and blanket. 

5. Canteen, water-bottle, havmsac, anti provisions. 

If, in addition, the plan of giving him a ix>rtion of a shelter-ttmt is adopted, 
he will have this ( = to 31l>) in addition. Bedsides, he may have also 
to cany entrenching tools, and probably the conditions of modem warfare will 
make this always necessary. No great marches have ever been made by men 
so loaded ; in the most rapid marches the men havt; merely carrial their anns, 
ammunition, provisions, and a blanket It has therefore been proposed to 
let the men have no kit on active fleld-ser^dcc;, but however expedient it may 
be to put aside the kit and ]>ack during very rapi<l and forced marches, a 
soldier could not manage during a whole campaign without his kit* The 
great point must be, not to deprive him of his comfort, but to make his weights 
as easy to him as they can be, and not to oblige him to C4iny a single ounce 
more than is absolutely necessary. Force unnecessarily expended is force 
lost” (Ranald Martin). 

Weights are most easily borne when the following points are attended to : — 
* 1. 'l^ey must lie as near the centre of gravity as possible. In the upright 
position the centre of gravity is between the pelvis and the centre of the body, 
usually midway between the umbilicus and pubis, but varying of cour^ with the 
position of the body ; a line prolonged to the ground passes through the astra- 
galus just in front of the os calcis. Hence weights carried on the head or 
top of the shoulder, or which can be thrown towards the centre of the hip 
bones, are carried most easily, being directly over the line of centre of gravitpr. 
Whan a weight is carried away from this line the centre of gravity is dis- 
idaced, and, in proportion to the added weight, occupies a point more or leas 
distant lirom the nsual site, untU, perhaps, it is so far removed from this that 
a line prolonged downwards fidls beyond the feet ; the man then Mia, unless, 
by bending his body and bringing the added weight nearer the centra, he 
keep the line well within the space which his feet cover. 

hi the distiibution of weights, then, the first rule is to keep the weight near 
to the centra ; hence the common mode of carrying the soldier’s grastcoa^ 


• ^*Tli«rasraflratliiagi,*'ssraN^ ''ibetoldisrtbonldiiem WwHlMNtt---k^ 
hit iWMa n al fl o n , hto kaspiecl;, Ms fnorltkmtfor stitaiit fcMurdsyi, and hM snlraatliliig tools. 
W be ndsoid to IImi SBpaflsia tlw, bttt M 



CAKBIAGB OF THE WEIGHTS. 373 

viz., on the back of the knapsack, is a mistake, as it puts on weight at the 
greatest possible distance from the centre of gravity. 

2. The weights must in no case compress the lungs or in any way interfere 
with the respiratory movements, or the elimination of carbonic acid (see 
Exercise, p^ 322), or liinder the transmission of blood through the lungs, 
or render diMcult the action of the heart. 

3. No important muscles, vessels, or nerves should be pressed upon. This 
is self-evident ; an example may be token from the present pack, the arm-straps 
of which so press on the axillary nerves and veins as to cause numbness, 
and often swelling of the hands, which I have known last for 25 hours. 

4. Tlie weights should be distributed as much as possible over several parts 
of the body. 

If we consider the means made use Of by those who carry great weights, we 
find the following points selected for bearing the weights : — 

1. The top of the head. The cause of this is obvious ; the weight is com- 
pletely in the lino of centre of gravity, and in movement is kept balanced 
over it. Of course, however, very great weights cannot be carried in this way. 

2. The tops of the scapulas, just over the supra-spinous fossa and ridge. At 
this |)oint the weight is well over the centre of gravity, and it is also diffused 
over a large surface of the ribs by the pressure on the scapula. 

3. The hip bones and sacrum. Here, also, the weight is near the centre of 
gravity, and is borne by the strong bony arch of the hips, the strongest part 
of the ^dy.* 

In addition, great use is always made by those who cany great weights of 
the system of balance. The packmen of England used to carry from 40ft to 
even 60ft easily 30 miles a-day by taking the top of the scapula for the fixed 
point, and having half the weight in front of the chest and half beliind. In 
this way he still brought the weight over the centre of gravity. The same 
point, iuid an analogous system of balance, is used by the mdkmaid, who can 
cany more weight for a greiiter distance than the strongest guardsman equipped 
with the milit^ accoutrements and |)ack. 

These i)oints must guide us in arranging the weights carried by the soldier. 
The weight on the head is of course out of the question. We have, then,, the 
scapulae, the hip, and the principle of balance to take into consideratiomt 

Sub-Section 1. — The Rifle and Bayonet. 

The rifle is, of course, carried in the hand, or on the shoulder by the sling. 
Colonel Carter has affixed a button to one of his belts, by means of which the 

• The fdtia engaged in aome of the works in Ck»mwall carry immense bags or hampers of sand 
up steep hills by resting the lower iiart of the sack on the hip and sacrum, and the ui>per part 
on the scapula. It Is the same position as that token by the Turkish porters, who carry 
600 and 600ft some distance ; they also sometimes have a band rounci the forehead fastened 
to the top of the weight. 

f The Royal Sanitary Commission of 1857 did not neglect thi.H subject, but examined wit- 
nesses and made suggestions. Among others they advised a full trial of Berrington’s knapsack, 
which had been invented many years before. Nothing, however, was done, but several ^tie- 
men, Colonel O’Hilloran and Lieutenant-Colonel Carter, in particular, turned tlieir attention to 
this point, and trials were made of their respective packs. In 1861 and 1862 the Professors of 
the Army Medical School, and Mijor Deshon of the 2d Depot Battalion, an officer who has 
paid great attention to the health and ooinfort of the soldier, drew up some mporto on theM- 
(xnitfeinents of the soldier for Midor-OeMnd Eyre, who is much interested in this important 
question. Mi^or-Qeneral Eyre ordered many trials to be made at Chatham with different kinds 
of kna p sacks and acooutrements, and brought the matter again before the (^vemment In 
1864, rtofessor Maclean of the Army Medical School delivered a lecture on ^The of 

the msent Knapsack and Aocoatrements on the Health of the Infantry Soldier,^ at the Boyal 
United Service IniUtution, which has been published in the Journal of the Institution (vol. vlil.). 
I have made use of all these doenments. 




374 


WMGHTS OF DRESS AND ACCOITTREMENTS. 


csa be siting to the shoulder-strap, and the arms be quite relieved. This 
is a very good contrivance. 

The bayonet is carried by all nations either by a waist or hip belt. 
Foim^ly in the British army it was carried by a cross-belt running over the 
i%ht shoulder, and crossing the chest to the left hip. This was most opptes- 
dve, as there was another cross-belt over the other shoulder at the same time, 
and the two crossed on the sternum, and prevented entirely the advancing 
movement of the ribs. 

Sub-Section II. — ^Tiie Ammunition. 

At present the English soldier carries 60 rounds in a pouch on the right 
side, suspended by a belt over the left shoulder, and crossing the front of the 
chest. The belt 'crossing the chest, and rendered tense by the 91b weight at 
the end, imj^es both the antero-posterior and lateral movements, and is 
most oppressive. The pouch hangs loose, and knocks against the hip in 
running. The whole contrivance is wrong in principle and clumsy, as the 
man h^ to put his hand behind for his ammunition and drops much of it. 
^me new accoutrements are now being issued for the Kilies* which are 
infinitely better. There are three pouches — two in front, at each side, and one 
behind, in the centre. A strap runs up from the one in the centre of the 
back to the top of the space between the shoulders ; then divides, and, pass- 
ing over each shoulder, runs dowm to the two pouches in front. Thus there 
is no cross-belt or compression of the chest ; the {)ouches all balance each 
o^er, and two-thirds of the ammunition are in front, so tliat there is great 
facility in loading. It is probable that nothing will be found better than 
thiB. 

The French carry the pouch on the waist-belt, but it hoick only 40 of our 
rounds. The Prussians cany' two jwuches in front, containing 15 rounds 
each, attached to and lialancing the pack. When tiie {»ack is not worn, they 
are carried solely by the waist-belt Colonel O’Halloran, in his adaptation of 
Berrington s pack, places the j>ouch behind on a hip-lxdt ; it holds 60 rounds.f 
Colonel Carter han^ lik pouch on the right side behind, and supports it by a 
strap, which runs up and is attached to two shoulder-straps, w'hicli, passing 
down, join (in each case) a ring, from which tw'o straps run down — one to the 
waist-belt in front, and one to the same belt at the side. The pull is all on 
the rings in throe direction.^, so that Uio weight is well distributed. The 
pouch holds 70 rounds, and is very easily carried in this way. Sir 'Ihomas 
Troubridge, when his valise is w'om, places all the ammunition in front in two 
pouches, each holding 30 rounds ; but instomi of connecting them with the 
knapBack, a strap, running from one pouch to the other, jmissos round the back 
of the neck, on which, however, it should not press, llie two pouches thus 
balance each other, and are carried with the greatest easc.^ 

Of all these plans, the present practice is the worst, and the now rifle piac- 
tioe is, 1 believe, the bosk The weights are on the scapulm, and are 
balano^ on either side of the centre of gravity. Sir "J^omas TroubKidge*a 
second arrangement, and Colonel Carter’s, an? lioth veiy good ; but the former 


^ Segosstid by Celoiiel Sir Tbomas Titrabridge, Bart, C.B., IHrecior of aothhig. 
t Hiamp-bett atmt not bseonfoiuided witb m walat-belt ; tba latter wafci loaad Uw body, 
yd jfTOPi^ hmtsr fUmiing riba ; ft ia, tharefore, liaing iraiy ebtlacttmiabls. rfe 
b^befttnfwiM by fietringtoa fient out to mat on tba hifia, and tbanfom ia boma on that 
Ntfoitt arrii. It ii liy kr tba bml arranganant 
I Ivmtmtoiiu^ annyanigaoiitnibafiiM and Ibr tba man 

Army HoaplS Cofia. fnstminaiita, madi^rbiea, and aran food fortharirii^ooiildbioar* 
Had wfth tba graataal aaaa. 
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seeinB to me the best, as the weight is divided, and the weights balance each 
other. 

The Prussian experience, as well as trials at Chatham, show that there is 
no objection to the two pouches in front ; they do not press on the abdomen, 
or cause hernia, or have any bad effect whatever. 

It has occuimd to me, and no doubt to many others, that a hollow hip-belt 
might be worn, holding ammunition all round ; the weight would not then be 
collected into one or two dense masses, but would be equally distiibuted on 
the hip-bones ; but yet no point would have more weight than one ounce. The 
belt even might be made part of the tunic. For rapid loading, a few car^ 
tridges might be carried in a small ball-bag in front, which might be replenished 
from time to time fiom the hip-belt 

Sub-Section III. — ^The Pack and Kit. 

The weight of the field-kit (= 7^Ib to 8&>) might possibly be lessened still 
more by taking away the knife, fork, and spoon, and giving the soldier only 
a clasp-knife, with the handle prolonged and hollowed to serve as a spoon. 
The hold-all is indi8|>ensable, but the razor might be given up entirely, and 
the brushes lessened in number. The boots are the heaviest individual 
articles in the kit, and possibly, if magazines of boots are properly established 
in war, a pair of light shoes would be better in the pack On talking with 
soldiers, both officers and men, I have found great divergence of opinion 
about the utility of the spare boots in the pack It is a point on which it is 
very desirable some good authority should express an opinion. 

Possibly the weight of the field-kit, now about 7|lb to 81b, might be 
lessened to 71b, but probably not below. 

The pack carrying this kit should be as light as possible. The present 
|>ack weighs 41b, so that, to carry 81b, the soldier has 60 per cent, additional 
weight put on him. A great number of plans have been devised, of which I 
can notice only the chief. 

British Rerfulation Pack, — ^Two straps pass over the shoulders and under 
the arms, and are fixed to hooks on the pack below. The whole weight of 
the pack and kit (12&>) is thrown on the clavicle, on part of the first and 
second ribs, and the jwctoral muscles. The movement of the clavicle and first 
rib is im{)eded, although in any exertion they are the parts which must be 
most free ; the axillaiy nerves and vessels are pressed on ; the hands become 
numbed, and often swell, so that men cannot use their rifles ; the cutting 
under the arm-pit is very disagreeable, and the carrying of the pack is on 
this account alone vciy irksome. 

No plan is so unphilosophical as Uiis ; there is a violation of all the rules 
just laid down. The man cannot put on or take off his pack, and if the arm- 
straps are not very tight, the pack falls bock. To prevent this, a stick has 
been placed near the top of the pack, under which the straps pass. 

French Pack (Chasmurs de la Garde^ 1861). — Straps pass over the shoul- 
ders, and just below the axilla a strap running to the waist-belt is joined on 
another strap passes back and is fixed to the pack behind. 

This is a much better arrangement than the English, as there is very little 
pressure under the arm-pit ; but the weight is still not properly plac^ and 
the wiust-belt dra^ up, unless the men make it very tight, when it com- 
presses the lower nbs. The pack can ho readily put on and t^enoff by the 
man without help. 

Pruman Pack (1860). — The pack is cut to the back, and fits into the 
hoUow below the scapuhe ; it thus rests a little on the itself and the 
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him, Ifiom ibe top of tbe pack two broad atiapB pass over tbe ahouldera 
a]id#£i to the waist-belt, where they are hooked ; the pouches, bemg attached 
to ^ same part of the waist-belt, balaaoe in part the pack. From the 
dli(mlde^belt below the axilla a strap passe^ to be hooked to the lower part 
of the pack. This pack is Tery easy, principally on account of the balance ; 
but the waist-belt is easily dragged up, and when the ammunition is ex- 
hausted, weights must be placed in the pouches. The man can put on and 
take off his pa<^ himself, and very readily. It is understood that the Prus- 
sians appove highly of this method of canymg the pack. 

In country various plans have been invented, of which the following 
are &e ehk£ 

Berringtoriaor (fHaUamris Pack . — More than 25 years ago, Mr Berxington 
invented a pack which was tried on rather a large scale, ^d was very 
highly approved. « It was not, however, adopted in the service, owing, hb* 
Benington states,* to its price being rather greater than the regulation li^p- 
sack. If that be so, how much suffering — ^nay, how much loss of service and 
how many lives — ^has this miserable economy occasioned 1 Some time after- 
wards, Colonel Spiller attached two short rods to the bottom of the back, and 
coimect^ them by a broad band placed against the back, so as to throw the 
weight in part on the back. Sub^uently, Colonel O’Hc^oran still further 
improved the details of the pack, and it is now known by his name. 

In Berrington’s pack, two steel plates lie in ftont of the chest from the 
second to the fifth rib i straps pass from these above to the top of the pack. 
Two struts also pass back from the shoulder-straiM under the arms, which 
they do not touc^ to the bottom of the pack. By this plan the weight is 
brou^t over the shoulder, and, as the steel plates rise and fall with the 
movements of the ribs, respiration is veiry little impeded ; the anus are quite 
free, and no muscles or nerves are pressed. 

Sjaller^s rods stdli farther relieve the chest, by throwing some of the weight 
on the loins. The pack is put on and off with the greatest ease by the 
wearer without help. 

IhJs is an excellent pack, but at the mid of a long day's march the steel 
plates somewhat impede the movements of the chest 

Oolond Cariet^M Pack — ^From the bottom of the pack two slightly curved 
iron rods project, passing under the arms to about 3 inches in fount of the 
chest From the top of the pack straps come down and fosten to the ends of 
the rods. Tbe weight of the pack is thus entirely thrown on the tops of the 
shoulders, and there is no pressure on any part. Bespiration is quite free. 
To give ventilation to the hack, the pack is made with a double back, the 
innear back being of wickerwork. ^ A behind covers the greatcoat 
Zbia is also an excellent ]^k, but there is an objection to the iron rods, 
wh&h may get broken, or which may be splintered shot 
Mr Trmia Fade . — ^Two iron plates are fixed in the coat, so as to rest on the 
topi of the flhonldera. From the top of the pack, two iron rods come off, and 
are fixed into the plates, and are then prolonged forwards, till thqr meet at 
the middle line abmt the lower end of the sternum. They do not touch tiie 
chesty but lie nearly an inch in fix>nt of it The effect of ^ arrangemeiit is 
to bring the weight on the shoulder ; and by the junction in ftont, to bring 
into play the {Mixieiple of balance. The knapsack feels very comfortobto wben 
well a4tost6d; but sulBdeiit trials have not yet been made with it 
Bir monm TrmMigia Yoke and --Struck with the imperfeorion 
of the legulaticm pack, imd pmotieally aware of the grsat diseomfoit itoauies, 


« Tto Btirfaiftim boiidmi, (Pimfiiltt) 
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Sir Thonias Troubridge has for years been expeiimenting on this subject. He 
has abandoned the mined knapsack, and has adopted a bag or vaHse^ which 
rests on the loins, and is supported (by means of two curv^rods) by a yoke, 
on the principle of the millmaid’s yoke, resting on the top of the shoulders. 
Ilbeweightis thrown on the top of the scapulsB, and slightly on the loins. The 
chest is left perfSactly free ; and no muscles, nerves, or v^ls, ate pressed on. 

This is by far the most comfortable pack yet invented ; and it fulfils every 
mechanical and physiological requirement. In our trials at Chatham, it was 
preferred to Berrington’s and Carter’s, and the Prussian pack. The men 
marched very long distances with it, and came in as freak as when they started. 

Pack invented by the Author , — ^All the preceding packs are borne wholly, 
or in great part, on the shoulder. I have endeavoured to use the strong hip 
bones as the support. After many trials, the simplest plan was found to 
the best ; and by fixing two iron rods to the bottom of the pack, and receiving 
them into sockets fastened to Berrington’s hip-belt (two straps run over the 
shoulders, and hook to the sockets in front), I found that the r^^ulation pack 
and kit could be carried with great ease. But there are objections to this plan. 
The rods are liable to break. Each man must have his own sized rods ; as, if 
too short, the pack Mis back, and is uncomfortable. It requires also to have 
the socket well padded, and to take care that it b placed just in front of 
the anterior superior spine of the ilitim, so as not to press on the bone. The 
chest and arms are perfectly free. Although this plan is so easy, the objec< 
tions just mentioned, are, I believe, fatal to its adoption ; and even in point 
of ease, I do not think it is equal to Sir Thomas Troubridge’s valise. 

Such, then, are the chief plans of carrying the pack. O’Halloran’s, Carter’s, 
Truss’s, and Sir T. Troubridge’s, are, I b^eve, all mudi superior to the British 
regulalion, the French, or the Prussian. 

Of these three, Sir T. Troubridge’s yoke and valise is, I believe, the best ; 
but further experiments are necessary.* 

The weights in ounces avoir, of some of these packs and accoutrements, are — 
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pie preceding table shows, what might have been anticipated, that the mere 
weight is not the point which determines whether the pack can comfortably 
carried Colonel Carter’s is one of the heaviest, yet is very easily borne ; 
much more so than the lighter Britidi regulation. The place where the 
weights lie, and their distribution, determine the degree of comfort, and not 
the mere weight. 

Sub-Section IV. — Greatcoat and Blanket. 

The gieatcoat is now usually carried on the back of the pack ; an objection- 
able portion, as it throws the weight so far from the body. Formerly, it was 
carri^ in a roll on the top of the pack. This is the easiest position ; only it 
was disliked by the men, as the coat was obliged to be rolled up very nea&y. 
It took three merf to do this ; and pins v’^ere obliged to be used, which tore 
the cloth. Some regiments cany the coat horso-slioc-like over the pack, and 
this is a very good plan. Ihe easiest mode of all is to make a long roll of 
Ac coat, and to cany it over one or other shoulder across the chest. As there 
is no weight at the end, it does not bind down the chest like the ]x>uch cross- 
Mt. The objection to this is, that the blanket has to bo carried in this way 
in war ; and it is impossible to cany both coat and blanket in this manner. 
The ^t plan then, with the present pack, is horse-shoe-like, over it. 

With Sir Thomas Troubridge’s yoke, it can be carried on the top of the 
valise very easily. 

The bl^ket is best carried over the shoulder, if the regulation jxick is used. 

Sub-Section V. — Canteen and IIavrehac. 

The canteen is now carried at the top of the pack ; formerly it was carried 
on the back of the pack. If the greatcoat is carried over the top, the eauteeii 
must be borne on the back of the ])ack, or hanging l)elow it It has been 
proposed to divide the canteen, and cany it on either side of the j>ack, but it 
IS then in the way of the arms. With the present sha[>o of canteen and equip 
ment the best place seems the back of the i«ick, and as the canteen only 
weighs 21 ounces, while the greatcoat weighs from 64 to 80 ounces, the dis- 
tance of the canteen from the body is less irksome than w hen the greatcoat i#i 
in that {M)sition. With other contrivances of Colonel Carter or Sir T. Trou 
bridge, the canteen can 1^ veiy' easily carrie^l in two or three ways. 

The havresac is a canvas w^eighing 8 ounces, and is carried by a canvas 
belt which passes over the right shoulder and across the chest. Tliis is a 
cross-belt, and when there are 4 or Gib. weight of provisions in the havresac it 
compresses the chest It is not easy to suggest another plan with the present 
equipment With some of the other packs the havresac can bo carried much 
more easily. 

The water-bottle is attached to the wai8t-l>elt 

If the present pock is continued, it may be suggrjsted that the havresac 
and wato’-bottle should be used to balance each other, in the manner of Sir 
T. Troubridge’s pouches ; a strap passing round the back of the neck, and 
carrying in front the water-bottle at one aide and the liavresac at the other. 

It is, however, inadvisable to discuss this subject farther, as it is now under 
the consideration of the Govemment, and will no doubt receive a fuU invea 
tigation. 
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SECTION III 

EFFECTS ON HEALTH OF THE EEGULATION METHOD OF 
CARRYING THE AMMUNITION AND KIT. 

That the present method of carrying the weights is irksome, and at the end 
of a march become distressing, has Wn ascertained by many inquiries from 
soldiers. At the end of a long march the fatigue is great ; the men, if called 
upon for any exertion, such as ascending a hill at the double, or even quick 
movements on the level, do them with great difficulty, and with an extraor- 
dinary acceleration and accompanying feebleness of the heart’s action, and great 
rapidity and shallowness of respiration. The hands, at the same time, are 
numbed and swollen, and the careful training which the men now receive at 
rifle practice is entirely neutralised, as they can scarcely pull the trigger of 
their rifles. On long marches, or on field days at the camp (if the men 
cany their kits in their pack, which happily they seldom do), some men 
always fall out, and the number wnuld be greater were it not that the soldier 
fears the banter of his comrades. Occasionally, it is said, men have died after 
field days ; and the death of a man, on the march of the Guards to Guildford, 
a few years since, created, it is well known, a great sensation. 

From careful trials at Chatham, made by order of Major-General Eyre, it 
was proved that other packs did not produce these eflects. With Berring- 
ton’s (O’Halloran’s), Carter’s, and especially Sir T. Troubridge’s, the men at 
the end of 16 miles march came in fresh, could ascend hills easily, and de- 
clared that they could have made the march over again without rest. 

It is quite clear, then, that this is a military question of the greatest moment, 
since it comes to this, that the present plan lessens, to a very great extent, the 
fighting qualities of the soldier. The English soldier, in fact, is so bormd up 
with straps and belts that he is almost as rigid as a statue, — a plan which is 
about as sensible as placing shackles on a racehorse. 

But tlicre is another ei}ually im]K>Hant consideration. If the pack and 
pouch are much worn (and it has become the custom to require the pack to be 
carried much more fre(|uently than formerly), the men sufier in health, and 
there is a loss of service to the State. 

8o large a {K>rtion of the English army is semiring in India, where the packs 
are never carried, and are only put on for in8]K'cti(»n, that the injury pro- 
duced on those who do wear the pack frtKpiently, has not attracted so much 
attention as it deserves. But that obser\*ant army surgeons have long been 
aware of the fact is certain, and of late* years the greater accuracy of diagnosis 
enables us to trace more perfectly the influcuce of faulty accoutrements. In 
the French army the frequency with which Uie older soldiers sufier from 
emphysema of the lungs has long l)een a matter of rem&rk, and has been 
ascribed to the accoutrements ; in our army that disease does not, I Imlieve, 
so frequently occur in the invaliding returns, but it may Ikj more common 
than is supposed. But among Uio invalids of Uie aniiy (i.c., the men who 
are sent to the General Invaliding Hospital as unfit for duty) there appears to 
be a proportion pf casca of heart disease. My coUea^e, Dr. Mac- 

lean, has paid particular attention to this subject, and the following quotation 


* Ths elder sUiittiesl retarae ef the snay csimei be referred to as evidenos, m the afimen- 
dstttre employed (Ciill«fi*e) wee net eeeiirate ; the different kinds of heart dUnaaea were not 
dietliigiiialied, end emphyaema of the huifa waa not included. 
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firom a leeture,^ given by him at the Koyal United Service Institution, puts 
the case in a very forcible way. Dr Maclean says : — 

I had not been long in the position I have the honour to £11 in the public 
service, before 1 became profoundly impressed with the vast losses sustained 
by the prevalence in the army of consumption and diseases of the circulatory 
system, &at is, of the heart and great vessels. Within the last three years, 
excluding those who die in regimental and dep6t hospitals, and those of the 
Household troops (I exclude all invalided in Ireland, of whom we at Netley 
see nothing), no less than 1344 men have been lost to the service &om con* 
sumption alone. Now, the causes in operation tending to produce this enor- 
mous and costly loss are many and complicated. That the present accoutre- 
ments and knapsack, interfering as they do with the free play of the important 
^ organs within the chest, exert an important influence in this direction, I do 
not doubt ; but Us the proof of this would lead me into details, and involve 
many points of inquiry not suited for discussion here, 1 shall not go further 
into it on this occasion, but will direct your attention to another source of 
inefficiency, which can be more directly traced to the mischiemuH consfne- 
tion to which we subject the chests of our soldiers at the time we demand 
from tliem the maximum of exeriioti, 

“Between the Ist of July 1860, and the 30th of June 1861, 2769 men 
were discharged the service at Fort Pitt; of these, 445 (or 16*07 per cent) 
were under two years’ service ; and of these 445 dischargt^a, heart dlMammede 
up 13*7 jier cent. From the Ist July 1861 to 30th June 1862, 4087 men 
were discharged the sen’icc ; 569 of them (or 13*92 |>er cent) liad less than 
two years’ service, and of these, 14*76 |)er cent were lost to the service from 
heart diseases, 

“ From the date of my assuming charge of the m<»dical division at Fort 
Pitt, in April 1861, to the end of last year, no less than 883 cases of diseases 
of the circulatory system — in other words, a nuralwr m^arly e<|ual to the 
strength of a battalion — have {mssed under my olkservation, and lieeti lost to 
the service, and this from one class of disease ; the great Imlk of the cases 
being young men returned to the civil ]>opulation (that is, cast upon their 
parishes), and incapable of earning their bread in any active employment. 
The pension allowed to such short-ser\*ice men is but a pittance, and that 
[Httance is granted only for a limited period, hai me remind you again, tliat 
in the flgures I have given, the invalids of the lioyal Artillery, the (luards. 
and the troops 8er\’ing in Ireland, arc not include ; they wore dischargtM[i 
without being seen by us at all. ^ 

“ Surely, gentlemen, you wUl agree %vith me, after hearing a statement so 
startling, that it liehoves us to look narrow'ly into a question involving such 
an amount of suffering, costly invaliding, and inefficiency, with a view to the 
adoption of a remedial measure. 

“ Before I address myself to an examination of the accoutrements and knap- 
sack, and show the evils they induce, I must advert for a moment to three 
causes, which are snpposcrl to exercise a disturbing influence on the organs of 
circulation, and to act either as predis|)osing or exciting causes of disease of 
the heart, vul, rheumatism, intemperance, and excessive smoking* 

Kheumatkm affects the fibrous stnicture of the frame ; these itractures 
enter into the formation of the delicate valves of the heart, and iheA valves 
are apt to suffer from this disease, to have their mechanism tiyured, and so to 


* Tli« laflneiiot of the iseiitii Knsmsek snd AfDmiimiwtttJi tbt Msaltli of tli# latotiy 
Soldier. By W. C Ma&Hu M.D., Vratmmr of MilHsry Medidiii H the Amy MsdUesi 
Sdiool. Jmmuti o/tke Moifm PmUm SMcr vet rlit 
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interfere prejudicially with the working of the heart — the central moving 
power. Now, many cases of heart disease can be traced to this cause, and 
soldiers, from the very nature of their calling, are of course much expos^ to 
rheumatism ; but, m^dng a fkir allowance for this, particularly among old 
soldiers, an immense number of cas^ remain that cannot be accounted for in 
this way. A vast number of the young soldiers discharged the service for 
heart disease have never suffered from rheumatism at alL 

** With regard to intemperance, it is undeniable that the presence of alcohol 
in the blood exercises a prejudicial influence on the heart and great vessels, as 
well as on other organs, but here we have the same difficulty to meet, viz., 
that a large proportion of our young lads are lost to the service from heart 
disease ere they ^ve contracted the baneful habit of spirit drinking. 

‘‘ Nor do I deny that excessive abuse of tobacco may in many cases result . 
in an irritable condition of the heart, incapacitating a man from much 
exertion ; but I think there is no proof that young soldiers smoke more than 
other cla^s of the population. 

‘‘ Is it that soldiers are called upon to make greater exertions than the 
labouring and manufacturing classes 1 Doul>tless the soldier has at drills, 
marches, and field-days to put forth considerable exertion ; but is this more 
than, or so much, as we see daily done by our * navvies,’ and others of the 
labouring classes? I think not. We must look, then, U) the different con- 
ditions under which the two classes work. A lalxmriug man or mechanic, 
when he addresses liimself to his work, lays aside evexy' weight, and every 
article of dress that can in the slightest degree interfere ^rith the free move- 
ment of his chest and limbs. In like manner, the sportsman, or the Alpine 
tourist, adapts his dress to the work in which he is engaged. But the soldier, 
on the other liand, is called on to make the severest exertions, at the utmost 
possible disadvantage as regards the weight he has to carry, the mode in 
which he has to carry it, and the entire arrangement of his dress and equip 
ment.^* 

The folloiving figures show that both he^ and lung diseases are more 
common, as Dr Maclean points out, among young than old soldiers. 

I took out from the lxK)ks of the invaliding establishment at Fort Pitt,* 
the causes of invaliding during two successive years, 1st July 1860 to 30th 
June 1861, and during the same period in 1861-1862. 



1860-61. 

1861-62. 

Total invalided at all ages, .... 

2769 

4087 

Of these invalided under two years’ 8er\*ice, 

445 

569 

Percentage invalided under two years, 

Percental of heart cases in the men under two 

years' service, 

Percentage of lung cases, chiefly consumption, 
in the men under two years’ service. 

16-07 

13-92 

13-7 

14-76 

34-15 

25-83 


Out of 100 men dischaigeci under two years' service, heart and hmg disease 
together constituted in one year 47*85, and in the other 40*59. 

In order to form a standfl^ of comparison, which cannot be obtained from 
the civil population (as deaths only axv recorded in the Kegistrar-General'a 
returns), 1 compared mis amount of heart and lung disease among the young 

* Ths iavAlidiag at JFcit Flit iariiidtd only a pertiou of the smy. 
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wldien, witih the same diseases among the invalids of all ages at Fort Pitt, 
in the two years. The following numbers came out : — 


Percentage of heart 
diaeaaes as causes 
of invaliding. 


Percentage of long 
diseases as causes 
of invaliding. 


Invalids of all ages, , ... 7*7 19*8 

Invalids under two years’ service, 14*23 29*99 


Heart and lung diseases therefore form a much larger percentage among the 
young soldiers ; and this would have come out more clearly still had the 
numW of young soldiers been deducted from the number at all ages. 

How is this to be accounted forf The recruits are carefully examined ; 
t^ey have no heart or lung disease; how is it that such diseases are de- 
veloped during their first two years of service, and indeed more during the 
second year than the first 1 

Dr Maclean has already argued this question, and I believe his observations, 
already quoted, render it very highly probable that it is to the exertion vre 
demand from recruits, while we bind doinTi tlieir rilw with dress and accoutre- 
ments, the production of heart disea-se, and of some of the lung disease, must 
be traced. At any rate, this seems the most obvious cause of tliis result. 

The general rules deducible from all that has l>een said are these : — 

1. The soldier must carry a certain weight, hut he should not carry one 
single ounce more than is absolutely necessary,* either in the shape of clothes 
or equipment 

2. The necessaries, while enough for comfort, should not lie superfluous. 

3. The belts and ap[>aratu8 necessaiy' for canynng his ammunition and 
necessaries should be as light as possible, and the weights must be disposed 
according to correct principles. 

4. If these points are not attendei! to, the value of the* soldier as an agent 
of force will l>e proportionably lessened ; he will be more liable to disease, 
and his term of service will lie shortened. 


* Robert Jeckeon i*'FonnAtioii, Diecipline, end E<?ODomy of AmncMi,** p. 385) very 

ftrongly agaiiwt the practice of ** nmUiplying the equipraeiitA of the mildter temuMl r 
with a view of addtiij^ to bit comfort. The caee U miaUken ; there i» not more mraonal com- 
fort, and there ia inconvenience from the poaseaeion of quantity. Buperilutty of liaggam ia a 
common error in the British service, and the usual manner of disposing of it for canrtageU not, 
moreover, well contrived.'' 
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DESCRIPTION OF THE METEOROLOGICAL INSTRU- 
MENTS USED IN THE ARMY, AND A FEW REMARKS 
ON METEOROLOGY. 


As the Army Medical Officer is expected to send in meteorological observa- 
tions at all stations where instruments are provided, it is desirable to 
give a few plain instructions on the use of these instruments.* For the 


* Only the instruments issued by the Army Medical Department are described in the text. 
Sir Henry James's very useful book Instructions in Met^rology”) is issued to all the gentle- 
men who attend the Aniiy Medical School. 

The following is the official circular issued by the Army . Medical Depaitment : — 


Official Imtructims for Reading the Meteorohr^eal Instruments. 

The observer should make himself thoroughly acquainted with the scale of every instrument, 
especially with that of the barometer and its attached vernier, and by frequent comparisons 
ascertain tliat he and his deputy read the instruments alike, and record the observations accu- 
rately. 

All observations must be recorded exactly as read. The corrections are to be made only at 
the end of each month on the “ means” of the ‘‘sums." 


Barometrical observations must be recorded to the third decimal place ; thermometrical to 
the first decimal. Wlien the readings arc exactly tt> tlie inch or degree, the places for the deci- 
mals must be filled up with ciphers. 

The observations should be made as quickly as po5tsible, consistently with perfect accuracy, 
and the observer must avoid breathing on the instruments, particularly the ary and wet bulb, 
and maximum thermometers. 

Barometer Readings . the temjieniture of attached thermometer in degrees only; by 
means of the thumlvscrew at the Imttom i^ust the mercury in the cistern to its proper level, 
the point of the ivory cone, which should just touch the mercury without breaking the surface ; 
then bring the xero line of the vernier to Uie level of the luicx of the column of mercury, anil 
read off in the manner descrilied at pages 15 and 16 of Bir H. James’s Book of Instructions. 

Thermomeier Headings. — 'Tlie stmes are divided to degrees only, but these are so o^n that 
the readings can be detennineil to the tenth of a degree. Practice and attention will ensure 
accuracy. 

Mojcmim Thermometer in Shade. --'The maximum thermometer must be hung at such a dis- 
tance (2 or 3 inches) fW>m the water vessel of the wet bulb thennometer, that its readings may 
not be affected by evaporation. 

In hanging the maximuro, care must he taken that the end of the tube is slightly inclined 
doienumms, which will have the effect of assisting in preventing the return of any portion of 
the column of mercitiy into the bulb on a decrease Of tempexmture. To read the instrument, 
gently elevate ilie end furthest fyoiu the bulb to an angle of about 45% in which position of the 
tttitrnment note the reading. To reset the thennometer, a gentle shake, or swing, or a tap on 
the wooden frame of the instrument, will cause the excess of mercury to return to the bulb, 
and it is again ready for use. 

Maximum in Sun*s Rays, or the Vamam Solar Radiation TAemome/er.— Being constructed 
on the same principle as the last^mentionecT instrument., it must lie read in a similar position. 
After oompming the reading, by giving the instmuient a slight shake, with tlie bulb still in- 
clilied downwards, the excess of mercury will return to the bulb, and the tliermometerbe ready 
Ibr the next ohsernition. 

Minimum fhemom^ in l^ade,—The minimum thermometer must be so hung that the 
httlh may he about tm inch lower than l^e other extiemity of the instrament» beoense in this 
positiott the index is less likdy to be allheted by a rise in temperstute. 
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convenience of beginnere, also, 1 have made a few observations on Meteor- 
ology. 


SECTION L 

THEKMOMETERS FOR TAKING THE TEMPERATURE OF THE AIR. 

Maximum Thernmmien, 

Two maximum thermometers are issued — one to observe the greatest heat 
in the sun ; the other in the sliade. 

The Bun Maximum or “ Solar Radiaticni Thermometer'^ is formed by a 
glass case (from which the air is removed), containing a mercurial thermometer 
vrith a blackened bulb. The case shelters from currents of air ; the black 
bulb absorbs the sun’s rays. The tube of the thermometer is slightly bent 
near the bulb, and a piece of porcelain is inserted, which narrows the tube. 
The effect of this^ is to make the thermometer self-registering, as, after the 
merciury has expanded to its fullest extent, instead of retiring into the bulb 
on cooling, it is stopped by the ]x>rcelain, and the mercury breaks l)etween 
the porcelain and the bulb. Tlie instnmient is })laced near the ground on 
wooden supports, and in any place where the sun’s rays can freely fall on it. 

The Shade Maximum is a mercurial therinonu^ter, not enclosed in a case ; 
the tube is bent just above the bulb, and a of porcelain or glass is fixed, 
so that a very small ojKjniiig only is left Ixjtwetm the ])ulb and the stem. As 
in the sun maximum, when the merciuy has exj>anded from heat it does not 


Tbe extremitj of the index furthejit from the bulb rIiowh the lowest degree to which the 
spirit has fallen since the last olisen'aticii. The reading on the scale corres|)oiidhig to this is 
tne temperature to W it‘Conle<l. Then, by elevating the bulb, the index will Soat towaida the 
end of tiie 8|>trit. When tt has nearly arrired at that ftoint, the instniment is re-set. 

MiniiHum an Chrat* or Tetrestrial Radiation Thermometer is cunstracted like the last, ami 
the directions alxive given are also applicable to it 

After reading ami re-setting the self- registering thermometers, compare them with the dry- 
bulb thermometer in order to ascertain that their reiulings are nearly the same. 

i>ry and Wet Bath Themumetere.- Bring the eye on a level with the top of the mercury in 
tlie tube of the dry -bulb ihemiometer, and take the remling, then complete the ohsmatioii by 
notiiig in like manner the reading of the wet-bulb thermometer. 

The temperature of the air is ^ven by the former, tiuit of evaporation by Uie latter. From 
these data the hygrometrical results are to lie calculated by Glaisheris Tables, Sd edition. 

Rain Oauge aim ifeeuicre.— Pour the contents of the gauge into any convenient vessel with 
a snd from this into the glass measure, which has been gmdttate<l especially for Uie gaiig^ 
and is only to l>e used In measuring its contents. It is graduated to the uundredths of an Inch. 

Anemtmeter.^The dials are read from left to right. Tlie first on the left records hundreds 
of mil^ the second tens, the third miles, tlie fourth tenths of a mile, and the fifth hundredths 
of a mile. 

The reading of the anemometer is obtained by deducting from the amount registered by the 
fllala the totail sum registered at the period of the preceding observation. The diflerenoe be- 
tween these isubject to a small correction) indicates the velomy or horizontal movement of the 
air in mike duri^ the interval, and most be entered in the return. When the ittstnunent k 
ftfit aet itp, the feeding on the dials must lie noted, in order that it may be deducted frmn the 
total nigistmd by the dials at the eml of the first period of observation. 

In m a kin g obeervationa on the presence of ozone s box has been found to be nnnainMMMy, 
equally aatwfactory results having lieen obtained by fixing the paper immediately umler ine 
penthoiise of the ataad, which abmtere it snlficieiitly from a strong t%ht, while it eecnfiei proper 

the mittimitm thennmnitere ete liable to gid out of order, first by carriage, when the index 
may he wholly or partly tlriven out of the spirit, or e portion or spirit may become detached 
ftmn the main eolniim ; end secondly, hj slow evaporation of the aidrit, wbkdi. lieiim In the 
tube, condeneei at the t^pet* end. l%e ftrst-roentioned errom are corrected by taking the ther- 
mometer In the hand, wxtfa fta bath downwards, snd giving it a swhig np and down. The 
second k remedied Inrihe Inclined poaitlon of the instrument, which atlowe tbeecNidenaed epkli 
to tridkk beck to the mein eoliitiin. 

A.B.*-On no account whatever karllfieiid heat to he ap^kd toaapIrH themoineier, Inie- 
eetlingtlieniiiilmuin, UmfndexihonU never behtonghiitttltitolheaDd ofllwcolnninofepiHt 
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OB cooling contract into the bulb, but breaks between the obstruction and 
the bulb, BO that tbe mercury in the stem remainB at the height it had 
reached during the time of the greatest heat. 

, The thermometer is placed in the shade 4 feet above the ground, and 
sufficiently far from any walls to be unaffected by radiation. It should 
be freely exposed to air, but perfectly protected from the sun’s rays. 

Minimum Thermorneters, 

Two minimum thermometers are supplied. 

The Shade Minimum is an alcoholic thermometer with a small index in 
the alcohol It is set by shaking the index marly to the end of the spirit ; 
as the spirit contracts during cold it carries the index down ; when it expands 
again it cannot move the index, but leaves it at the degree of greatest cold. 
The end of the index farthest from the bulb is the point to read. 

This thermometer is placed in the shade 4 feet above ground, under the 
same conditions as the former. 

The Grass Minimum or ‘‘ Terrestrial Radiation Thermometer** is a ther- 
mometer of the same kind, but protected by a glass shield. It is placed 
almost close to the ground on grass, suspended on little tripods of wood ; it 
is intended to indicate the amount of cooling produced by radiation from tbe 
ground. 


Common Thermometer. . 

The dry bulb of the wnt and dry bulb thermometer” is read as a common 
thermometer. 


Reading of the Thermometers, 

All those thermometers can be read to tenths of a degree. The maximum 
and minimum thermometers are read once a-day, usually at 9 a,m. ; the former 
marks the highest point reached on the previous afternoon, and must be so 
entered on the return ; the latter the lowest point reached on the same 
morning. For the army returns the common thermometer is read twice 
a4ay, at 9 a.m. and 3 p.m. 

Range of the Temperature , — Tlie maximum and minimum in shade give 
most important climatic indications ; the difference betw^een them on the 
same day constitutes the range of the diurnal fluctuation. The range is ex- 
pressed in several ways. 

The extreme daily range is the difference between tbe maximum and 
minimum thermometer on any one day. 

The extreme monthly or annual range is the difference between the greatest 
and least height in any month or year. 

The mean monthly range is tlie daily ranges added and divided by the 
number of days in a month. 

The mean yearly range is the monthly ranges adde*! and divided by 12. 

Mean Temperature — ^The mean temperature of the day is' obtain^ in the 
following ways : — 

(a.) Absoluielv at Greenwich*and other observatories, where by means of 
phoU^phy the height of the thermometer at every moment of the day is regis-. 
tered 

(&.) Almost absolutely, if the thermometer is noted every hour, and the 
mesa of the observations are taken. 

3 B 
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(e.) Appit)xiniately in several ways* Taking the mean of the shade 
maximam and minimum of the same day. In t)^ country, during the cold 
montim (December and January), the result is very close to the truth, but as 
the temi^rature increases, a grater and greater error is produced, until in 
July the mean monthly error is -f Fahr., and in some hot days is much 
greater. In the tropics, the mean of the maximum and minimum must give 
a result still farther ^m the trutL 

In this country^ the application of a monthly correction has been suggested 
by Mr Glaisher. It is this— 

Subtract from the monthly mean of the maximum and minimum — 


January, 0*2 

May, 

1-7 

September, 1 *3 

February, 0*4 

June, 

1-8 

October, 1 

March, 1 * 

July, 

1-9 

November, 0*4 

April, 1 *5 

August, 

1-7 

December, 0*0 


The result is the approximate mean tem|)eratiire. But this is true only for 
this country. It would be veiy desirable to work out in each country the 
proper correction. 

In a gr^t number of places the moan tem|>oratui*e of the day and year, 
as stated in books, is derived solely from the mean of the maximum an(l 
minimum, and cannot be considered a.s correct. 

The approximate mean temjK*niture may Ikj obtained by takiixg observations 
at certain times during the day, and applying a com*ction. Mr Glaisher has 
given some veiy valuable tables of this kind,* which can Iw consultetL The 
following rules, wliich are ajiplicable in all |>arts of the world, are given by 
Herschel : — t 

If observations are taken three times daily — at 7 a.m., 2 F.M., and 9 P.M. — 
hours which we may denote by /, t\ and f ; then 

nitttin temperature of day. 


If the hours are 8 a.m., 3 p.m., and 10 p.m., the formula is — 


7/ + 7r+ lor 

24 


- mean of day. 


Another simple mode of getting an approximation to the mean tem])erature 
is this : Take the mean of the maximum and minimum, and call it t ; if a 
single observation, is made with the dxy bulb, then — 


If two observations {f and f") are taken beside the maximum and minimum, 
the rule ‘ 


4 

and soon. 

The neatest s^proach to the mean tempemture of tlie day hy a siiigb 
observitbn is given at from 8 to 9 p.m. ; the next is in the moining— about 
8 o'eloek in Jviy and 10 in December and January. 


* Oa tbs Conwetas to be A] 
premnNl by tin Coasdl of the 
spiilkMiae only to thhi emttitiy. 

T Mileoioi^y, p. I7B 


lied to lltfteomtfigical OltmmaAiim for IManiAl Iliiiiae» 
Metoorologicil Hodtriy, 1S60. Theee odmcUcins iie 
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The nearest approach to the mean annual temperature is given by the mean 
of the month of October. Observations made from a week before to a week 
after the 24th April, and again in the corresponding weeks of October, give a 
certain approximation to the yearly mean temperature (Herschel, Meteor- 
ology,*' p. 180). 

The changes in temperature of any place, during the day or year, are either 
periodic or non-periodic. The former are dependent on day and night, and 
on the seasons, t.s., on the position of the pla(^ with respect to the sun. The 
periodic changes are sometimes termed fluctuations, and the difierence between 
day and night temperatures, or the temperatures of the hottest and coldest 
months, are often called the amplitudes of the daily or yearly fluctuations. 

The non-periodic changes are dependent chiefly on shifting winds, and may 
either augment or lessen the jxjriodic changes. They are sometimes termed 
undulations. The thermometer makes, of course, no distinction between these 
two causes of change, but the observer should distinguish them if possible. 

Zkiiii/ Pitiodlc Cliamjes. — On land the temperature of the air is at its low'est 
about 3 o’clock or just iKjfore sunrise ; and at its maximum about 2 
o’clock P.M., it then falls nearly regularly to 3 o’clock a.m. On water the 
maximum is nearly an hour later. 

The amount of diurnal })6riodic change is greater on land than on water ; 
in the interior of continents tlian by the sea-side ; in elevated districts than 
at sea-leveL As far as land is concerned, it is least on the seacoast of tropical 
islands, as at Kingston, Jamaica, Colombo in Ceylon, Singapore, &c. 

Ymrly Periodic Changes , — In the northern hemisphere the coldest month 
is usually January ; in some parts of Canada it is February. On the sea the 
coldest month is later, viz., March. Hie hottest month is in most places 
July, in some few August ; on the sea it is always August. The coldest days 
in this country are towartls the 21st Januaiy ; the hottest about the 18th to 
the 2 let July. At Toronto the hottest day is 37 days after the summer 
solstice, and the coldest 55 days after the winter solstice. 

It ia thus seen that both for the diurnal and annual alterations of heat the 
greatest heat is not simultaneous with, but is after, the culmination of the sun ; 
this is owing to the slow' absoqition of heat by the earth. 

Tile amplitude of the yearly fluctimtion is greater on land than sea, and is 
augmented by land, so tliat it roaches its highest point in the interior of great 
extra-tropical continents. 

It increases towards Uie poles for three reasons, — 

1. The geographical fluctuation of the earth’s position causes a great yearly 
difierence of the angle with wdiich the sun’s rays fall on the earth. 

2. The duration of incidence of the sun’s rays (i.c., the number of hours of 
sunshine or shade) has greater yearly differences than in the tropics. 

3. In the northern hemisphere esjiecially there is a very great extent of land 
which increases radiation. 

TTie amplitude of the yearly fluctuation is very small in the tropical land at 
sea-leveL At Singapore it is only 3®’4 Fahr. (Jan. 78 8, July 82*4), while it 
is immense on continents near the pole. At Jakoutsk, in Korth Asia, it is 
1 12^*5 (Januaiy - 44‘’*5 and July, + 68®). 

UndulaHom or NonrPenodte Changes are irregular changes, and are chiefly 
caused by the wind, or to a less extent by clouds, rain and evaporation, and 
by great and rapid illation from the earth. In the tropics near the sea they 
are slightest, and chiefly depend on coast and sea winds. In the hi^er 
moiuitainous regions they are greater ; they are greatest in those countries 
which lie in tiiie debateable region between the cold polar, N. and NE., and 
the warmer equatorial, 8. and SW. winds (anti-trades). They are, how- 

2 b2 
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emtp oRm depeadent on local winds, caused especially by the vicinily of 
lands. 

In any place there may be great undulations and small fluctuations, or great 
ohaages in each way. At Brussels the greatest possible 'yearly undulaticm is 
90.** In some parte of Canada immense undulations sometimes occur in a 
day, the thermometer ranging even 50® to 70® in one day. 

Ilie hot winds of the raMess deserts have long puzzled meteorologists ; 
they often cause enormous undulations, 50® to os much as 78® Fahr. 

Temperaiure of the Air of any place. 

This depends on the following conditions : — 

1. Chographical position as influencing the amount and duration of sun's 
rays whi^ are received . — ^The nearer the equator tlie hotter. For 23^ degrees 
on either side the equator the sun’s rays are vertical at one period of the year, 
and are never more oblique than 47®. The mean yearly tempcAiture of the 
equator is 82® Falir., of the pole is about 2®*5 Fahr. The decline from the 
equator to the pole is not regular ; it is more rapid from the equator to 30® 
than in the higW latitudes. 

2. Relative amount of Land and Water . — The sun’s rays passing through the 
air with but trifling loss fall on land or on water. The speciiic heat of land 
being only one quarter that of water, it both al)sorbs heat and gives it out, more 
rapidly. Water, on the other hand, absorbs it more slowly, stores up a greater 
quantity, and parte with it less readily. Ibe teiiifieraturt,^ of the superficial 
water, even in the hottest regions, seldom excecils 80® to 82®, and that of the 
air is generally below (2'' to even 6®) the tenii>eniture of the water (J. Davy). 
Consetjuently the more land the greater is the heat, and the wider the dium^ 
and yearly amplitudes of fluctuation. The kind of soil has a great efiect on 
absorption, and the land also transmutes tlie heat to a certain extent (see Bod). 
The evaporation from the water also greatly c(k>1s the air (see Evaporation). 

3. Elemtion of the place o5r>t?e the scalevel. — ^I'he greater the elevation the 
colder the air, on account, U/, of the lessening amount of earth to absorb the 
sun’s rays ; and, 2<//y, on account of the gr<5ater radiation into free space. The 
decline of temperature used to be reckon^ at alxmt 1® Fahr. for each 300 fe&t 
of ascent, but the balloen ascents of Mr Welsh, and csfMx;ially of Mr Glaisher, 
have proved that there is no regular decline ; there are many cturrente of warm 
air even in the upper atmosphere. Still the old rule is useful as an approxi- 
mation. The amount of decline varies, however, in the same place at diflerent 
times of the year. 

The snow-line at any spot, or the height at which snow will lie the whole 
year, can be approximately reckoned by taking the mean yearly temperature 
of the latitude at sea-level, and multiplying the difierence between that 
tmnperature and 32® Fahr. by 300. The aspect of a place, however, and 
other circumstanoes, have much to do with the height of the permanent 
snow-line. The mean temperature of any place can lie approximately 
reckoned in the same way, if the mean temperaiTire of the latitude at fmr 
level, and the elevation of the place in feet, be known. 

4. AqMi and Exposure^ and Special Local Conditions . — Those eiieuitt* 
stances chiefly aflTeet a place hy allowing free exposure to, or sheltering from, 
the sun’s rays, therrfote lessening the number of hours the rays ttie soil, 
or by fimiishina at certain times a large moist surface. Thm the extmii^e 
sand^bonks of Um Mersey causenreiy rapid alterations of tempmsluis in the 
water and air 1^ bciiig exposed every twenty^fonr hours twice to the sun and 
iky (Adie). 
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6. Aerial and Ocean OurrenU. — ^These have a effect ; bringing clouds 

vrhich block out the sun or produce rain, or which, in the case of ocean currents, 
cool or warm the air. The cold polar sea currents and Jbhe warm equatorial 
(like the Gulf-stream), in some cases almost determine, and always greatly 
influence, the temperature of a pl^. 

6. Nature of the Soil, — On this point little is yet known, but it is certain 
that some soils easily absorb heat ; others do not. The moist and clayey soils 
are cold ; the dry hard rocks and dry sands are hot. 

The hottest places on the earth are — in the eastern hemisphere, near t^e 
Red Sea, at Massava and. Khartoum (15® N.L), and on the i^ile in Lower 
Nubia ; ftmuial temperature = 90®*5 Fahr. ; in the western hemisphere, on the 
Continent, near the West Indies ; the annual temperature is 8r*5. These 
are sometimes called the climatic poles of heat. The poles of cold are in 
Siberia (Jakoutsk to Ustjausk, §2® N.), and near Melville Island. 

Isothermal Lines, — ^Ihese are lines drawn on charts, and were proposed by 
Humboldt fb connect all places having the same mean annual temperature. 
The various conditions just noU*d cause these lines to deviate more or less 
from the lines of latitude. The isothermal lines are now drawn to represent 
the places of the same mean monthly, or mean winter or summer temperature. 

The lines of mean summer temjKjniture (time months, June, July, August) 
are called isotheml ; those of mean winter temperature (December, January, 
and February) are called isocheimonal. 


' SECTION II. 

HYGROMETERS— HUMIDITY OF THE AIR 

The amount of watery vapour in the air can be detennined in several ways ; 
by direct weighing, by Daiiiell’s or Itegnault’s hygrometer, by the hair hygro- 
meter, and by the dry and wet bulbs. The method by the dry and w^et bulb 
thermometers lias been ado])ted by the Army Mescal Department, and 
observations are taken twice daily (U a.m. and 3 p.m.) Tlie instruments are 
not self-registering, and are simply ituid off. Tliey are placed in the shade, 
4 feet almvo the ground, the bulbs freely exposed to ftie air, but not exposed 
to the effect of mdiant heat from brick-walls, ttc. The wet bulb is covered 
with muslin, which is kept moistened by cotton twisted round the bulb, and 
then passing into the water vessel ; the cotton is soaked in solution of car- 
bonate of soda, or Ijoiled in ether to free it from fat, so that water may ^cend 
easily in it by capillary attraction ; the water must 1)6 either rain or distilled 
water. The dow-jK)int, the weight of a cubic foot of va|>our, and the relative 
humidity are then taken from Mr Glaisher s tables.® 

Definition of time Tmiw.— Th(^ dew-i>oint is the temperature when the air 
is just satuiuted with moistun% so that the least further fall would cause a 
deposit of w'ater. The Ijuaiitity of vajKiur which can be taken up and be 
made quite invisible to the senses varies with temi)eratun?. The following 
table gives the weight of a cubic foot of vaix)ur, or to use the common, though 
not quite accurate, phrase, the weight of vapour in a cubic foot of air at 
different temperatures when theiur is saturated with moisture 


• Hygmmstrlosl Tsblw, 8d tdliion, 1848. A ropy ii» w sent to each station. 



390 


DKSCBIPnON OF MBTEOBOLOOlCAL INSTKUMFiNTS. 


Weight in Chraina of a Cubic Foot of Vapour^ under tJie preamre^of 30 inehea 
of Mercury^ for every degree of temperature^ from 0® to 100®i The tem- 
perature ia the deuhpointy and the weight of va^tour ia the weight which can 
he auatained at that temperature without hdng visible. 


1 

1 Temp, 
pahr. 

Weight in 
grains of a 
Cubic Foot of 
Vapour. 

Temp. 

Fahr. 

Weight in 
grains of a 
Cubic Foot of 
Vapour. 

Temp. 

Fahr. 

Weight in 
grains of a 
Cubic Foot of 
Vapour. 

Temp. 

Fahr. 

Weight in 
giaina of a 
Cubic Foot of 
Vapour. 

i O 

gTB. 

O 

grs. 

o 

grs. 

« 

gw. 

1 0 

0*55 . 

26 

1*68 

51 

4*24 

76 

9-69 

! 1 

0*57 

27 

1*75 

52 

4*39 

77 

9-99 

2 

0-59 * 

28 

1*82 

53 

4*55 

78 

10-31 

3 


29 

1*89 

54 

4*71 

: 79 

10*64 

4 


30 

1-97 

55 

4*87 

i 80 

10-98 

5 

0*68 

31 

2*05 

56 


i 81 

11*32 

6 


32 

213 

57 

5*21 

{ 82 

11-67 

7 

0-74 

33 

2*21 

58 

5-39 

1 83 

12*03 

8 


34 

2*30 

59 

5*58 

! 84 

12*40 

9 

0*80 

. 35 

2-39 

60 

5*77 

1 85 

12*78 

10 


36 

2*48 

61 

5*97 

: 86 

13-17 

11 

0*88 

37 

1 2*57 

; 02 j 

6*17 

87 

13-57 

12 

0*92 

38 

2*ii6 

63 

6*38 

88 

13-98 

13 

0*06 

30 

2-7(i ; 

64 

6*59 

I 89 

14-41 

14 

1*00 

40 

2-8« !■ 

65 

6*81 

' 90 

14-85 

15 

I 04 

41 

2-97 

66 

7*04 

^ 91 

15-29 

16 

iVjK p 

42 

3-118 

67 

7*27 

[ 92 

15-74 

17 

114 j, 

43 

3-20 !i 

68 

7-51 

93 

16-21 

18 

1H» ! 

44 

3-32 li 

69 

7*76 

94 

16-69 

19 

1*24 1 

45 1 

3-44 

70 

8*01 

i 95 

17-18 

2(1 

1 m j 

46 

3-50 i 

71 

8-27 

96 

17-68 , 

21 

1-36 

47 

3(59 ' 

72 

8*54 

97 

18-20 

22 

1*42 

i8 

3-82 j 

73 

8-82 

98 

18-73 

23 

1*48 

40 

396 i 

74 

9-10 

99 

19-28 

24 

1-54 j 

50 

4-10 { 

75 

9-39 

100 

19-84 

25 

1*61 1 

i 

i 

l 






The deW'point is obtained directly by Danioirs or Iiegnault*s hygrometer, 
which enables ns to c(x>l and note the tem[ieraiure of a lirighi surface until the 
dew is de|x>sited on it, or by moans of the <lry and wot builia. 

Unless the air is saturated, the tem|)eratiire o( the wet bulb (t>,, tlm 
tempemture of evaporation) is always alxive the dew-]»oint, but is below the 
temperatuie of the diy bulb, being reduced by the cva[>oration. If the diy 
and wet bulb am of same tem{ieraturo, the air is saturated with moistaxe, 
and the temperature noted is the dew>{ioint ; if they are not of the same 
temperatare, the dew point is at some distance tielow the wet l^b tem* 
pemtum 

It can then be calculated out in two waya 

(a.) By Mr Glaiah^s fteiorsi By comiiatison of Uie result of DanidJ’s 
hygrometer and the dxy and wet bulb tbrnnomeiors fiw a Icmg tenh tS jmmp 
Mr Glatsber has dedttim an empxxical formula, which is thus worlmd. Take 
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the difference of the dry and wet bnlb and multiply it by the fSactor which 
stands opposite the dry hvlh temperature in the following table, deduct the 
product from the dry bulb temperature; the result is Ihe dew-point : — 


Glaishet^a Factors, 


Beading 
of Dry.bulb 
Therm. 

Factor. 

Reading 
of Dry-bulb 
Therm. 

Factor. 

Reading 
of Dry-bmb 
Therm. 


Reading 
of Dry-bulb 
Therm. 

Factor. 

o 

10 

8-78 

e 

33 

3*01 



O 

79 

1-69 

11 

8-78 

34 

2-77 


1*92 

80 

1*68 

12 

8-78 

35 

. 2 *60 

58 

1*90 

81 

1*68 

13 

8*77 

36 

2*50 

59 

1*89 

82 

1-67 

14 

8-76 

37 

2*42 

60 

1*88 

83 

1*67 

15 

8-75 

38 

2*36 

61 

1*87 

84 

1-66 

16 

8-70 

39 

2*32 

62 

1-86 

85 

1*65 

17 

8-62 

40 

2*29 

63 

1*85 

86 

1*65 

18 

8-50 

41 

2*26 

64 

1*83* 

87 

1-64 

19 

8*34 

42 

2*23 

65 

l*82i 

88 

1-64 

20 

814 

43 

2*20 

66 

1-81 1 

89 

1-63 

21 

7-88 

44 

2*18 

67 

1-80. 

90 

1-63 

22 

7-60 

45 

2*16 

68 

1-79' 

91 

1-62 

23 

7-28 

46 

2*14 

69 

1*78 

92 

1-62 

24 

C ‘()2 

47 

2*12 

70 

1-77 

93 

1-60 

25 

G-.53 

48 

2*10 

71 

1-76, 

94 

1-60 

26 

6-08 

49 

2*08 

72 

1-75 I 


1-59 

27 

5-61 

50 

2*06 

73 

1-74 1 

h 

1-59 

28 

512 

51 

2*04 

74 

1-73| 

97 

1-59 

29 

4 03 

52 

2*02 

75 

l-7i>! 

98 

1-58 

30 

415 

53 

2*00 

1 

1-71 j 

99 

1-58 

31 

3*70 

54 

1*98 

1 77 

1-70 

100 

1-57 

32 

3*32 

55 

1*96 

78 

1-69| 


! 


Tlie dow-jx)int Iwiiig oljtainod, the amount of vai>our in a cubic foot of air 
is at once seen by looking at the table Wfore given. From this formula hir 
Glaisher*s tables have Wn calculated. 

(//.) Apjohiii*s Fantmta , — From a most philosophical and exliaustive analysis 
of the conditions of tliis complicated prtddem, Dr Apjohn has derived his 
celebrated formula which is now in genml use. Reducetl to its most siinplo 
expression it is thus worked. A table of the elastic tension of va|X)ur, in 
inches of mercury at different tem{H?nit«res, must be useii. From tliis table 
take out tlio elastic tension of the tempehiture t»f the fret tliermometer, and 
call it/. Lot d bo the difference of the two thennometers, and h the ol>served 
height of the barometer. Apjolm's formula then enables us to calculate the 
ela^c tension of the dew-point, which we will call F ; ami this being known 
by looking in the table, we obtanl, opjxmiio tliis elastic tension, the dew-point 
temperature. 

If the temperature lie above 32® the formula is,— 


F=/- 


d . 

fitu ^ QO * 
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If bdow 32” the formula is, 
• « 


F=/- 


_£ ^ 

96*30’ 


Dr Apjohn’s origmal formula is thus given, — 


The dew-point being known, the weight of a cubic foot of vapo^ir, and the 
amount of elastic tension, expressed in inches of mercu^ (if it is wished to 
learn this), are taken from tables ; the relative humidity is got by calculation. 

The relative humidity is merely a convenient term to express comparative 
dryness or moisture. Complete saturation being assumed to be 100, any 
degree of dryness* may be expressed as a percentage of this, and is obtained at 
once by dividing the weight of vapour actually determined, by tlie weight of 
vapour which would have been present had the air hecn saturated. 

In order to save trouble, all these points, and other matters of interest, 
such as the weight of a cubic foot of dry air, or of mixed diy and moist air, 
are given in hir Glaisher’s Hygrometrical Tables, which are now sent to the 
principal stations, and which all medical ofheers are advised to get. But 
in the absence of these, the tables given in this cliapter, and Glaisher^s 
factors, will enable the chief joints to be determined. Also the following 
table, which ^ extracted from Mr Glaisher's laigor tables, will l)c found use- 
ful It gives the relative humidity, and if the weight of a cubic foot of 
vapour (in the table already given), at the temi^erature of the dry bulb, bo 
multiplied by the relative humidity, and then diWded by 100, the actual 
weight of vapour in the air at the time of ol>servation is obtained.* 

To read the ta)>le take the temperature of the dry bulb, and the difierence 
between it and the wet bulb, and look in the table at the intersection of the 
two columns. 

The amount of watery vapour can also be told by a hair hygrometer. A 
modifreation of 8aassure*s hygrometer is still used in France. A human hair, 
freed from fat by digestion in liquor potassa; or ether, is stretched between a 
fixed |)omt and a small needle, which traverses a scale divided into 100 parts. 
As the hair elongates or dries, the needle moves and indicates the relative 
humidity. Die scale is graduated by wetting tlie hair for comjilete saturation, 
and by placing it over sulphuric acid of known strength for difierant degrees 
of saturation. A very delicate instrument is thus obtained, which indicates 
even momentary changes in moisture. On comparison with the wet and diy 
bulb, I have found tlmt it gives accordant results for three or four months ; 
it then loses its delicacy, and rec|uires to bo a little wound up. If compared 
with the dry and wet bulb, the hair hygrometer seems to l>e exact enough for 
expmfiments in ventilation, for which it is adapted from its rapidity of indi- 
catioxu 

When watery vapour mixes with dry air, the volume of the latter is aug- 
mented ; the weight of a cubic foot of dry air at 60*^ Fahr. is 536*28 gfiains, 
and that of a cubic foot of vamur at 60^ is 5*77 grains ; the coiyoint weights 
would be 642*05 grains at 60 , but, owing to the enlargement of the air, the 
actual weight of a cubic foot of saturated air at 60*" is only 632*84. It will 
be useful to extract a table from Mr GlaisbeFs work, showing the weight of a 
cubic foot of sattmled air. 


Or, wlist is tike mam Oiiag, amlOply by Ownistiirs bsinkUtr, iriih a ^Mmal fiefsii bsfeis H. 



HUMIDETT OF THB AIB. 


Tabud of the Bdaiive Humidity given by the difference beheeen the 
Dry and Wet Bulb. 


Tempemtiire 
of the 
Dry Bolt. 


90 

89 

88 

87 

88 
88 
84 
88 

69 
81 
80 
79 
78 

77 

78 
78 
74 

78 

79 
71 

70 


67 

86 

68 
64 
88 
69 
81 
80 
89 
86 

87 
86 

88 
84 
88 
89 
81 
80 
49 
46 
41 
46 
48 
44 

48 

49 
41 
40 
89 


87 
86 

88 
84 


DtmsivcE BBTifsni THB Dbt A3n> Wst Bulb. 

0 

1 

2 

8 

4 

6 

6 

7 

8 

3 

10 

3 

13 

18 


16 

RkLATITB HUKIBIXT, SATinUTlOll SS 100. 

100 

98 

90 

86 

81 

77 

78 

69 

85 

63 

59 

56 

53 

50 

47 

44 

100 

98 

90 

85 

81 

77 

78 

69 

85 

61 

58 

55 

52 

49 

46 

43 

100 

98 

90 

85 

81 

77 

78 

69 

65 

61 

58 

55 

52 

49 

46 

48 

100 

95 

90 

85 

81 

77 

78 

69 

65 

61 

58 

55 

53 

49 

46 

43 

100 

95 

90 

86 

80 

76 

72 

68 

64 

61 

58 

55 

63 

49 

46 

43 

100 

98 

90 

85 ; 

80 

78 

73 

68 

64 

61 

58 

55 

52 

49 

46 

43 

100 

95 

90 

85 1 

80 

76 

72 

68 

64 

60 

57 

54 

51 

43 

45 

43 

100 

95 

90 

86 . 

60 

76 

73 

68 

64 

60 

57 

54 

51 

48 

45 

42 

100 

98 

90 

86 

80 

76 

73 

68 

64 

60 

57 

54 

51 

48 

45 

42 

100 

95 

00 

86 ! 

80 

76 

72 

68 

64 

60 

56 

63 

50 

47 

44 

41 

100 

95 

90 

85 

80 

75 

71 

67 

63 

59 

56 

53 

50 

47 

44 

41 

100 

95 

90 

85 

80 

76 

71 

67 

63 

59 

66 

53 

50 

47 

44 

42 

100 

94 

89 

84 

79 

76 

71 

67 

63 

59 

56 

53 

50 

47 

44 

41 

100 

94 

89 

84 

79 

75 

71 

67 

63 

59 

56 

53 

50 

47 

44 

41 

100 

94 

89 

84 

79 

76 

71 

67 

63 

59 

55 

52 

49 

46 

43 

40 

100 

94 

89 

84 

79 

74 

70 

66 

63 

68 

55 

52 

49 

46 

43 

40 

100 

94 

89 

84 

79 

74 

70 

66 

62 

68 

55 

52 

48 

45 

43 

40 

100 

94 

89 

84 

79 

74 

70 

66 

62 

58 

54 

51 

48 

45 

42 

40 

100 

94 

89 

84 

79 

74 

89 

65 

61 

57 

54 

51 

48 

45 

42 

39 

100 

94 

88 

83 

78 

73 

69 

65 

61 

57 

53 

50 

47 


41 

88 

100 

94 

88 

83 

78 

73 

69 

65 

61 

57 

53 

50 

47 

44 

41 

88 

100 

94 

88 

83 

78 

78 

68 

64 

60 

56 

53 

50 

47 

44 

41 

88 

100 

94 

88 

83 

78 

73 

G8 

64 

60 

56 

53 

49 

46 

43 

40 

87 

100 

94 

88 

83 

78 

73 

68 

64 

60 

56 

53 

49 

46 

48 

40 

87 

100 

94 

88 

83 

78 

78 

68 

64 

60 

56 

53 

48 

45 

*42 

40 

87 

100 

94 

88 

83 

78 

73 

68 

63 

59 

55 

51 

48 

45 

42 

89 

86 

100 

94 

88 

83 

77 

73 

67 

63 

59 

55 

51 

48 

45 

42 

39 

86 

100 

94 

88 

83 

77 

72 

67 

63 

69 

55 

51 

47 

44 

41 

38 

35 

100 

94 

88 

83 

77 

73 

67 

62 

58 

55 

50 

47 

44 

41 

88 

36 

100 

94 

88 

83 

77 

73 

67 

63 

58 

54 

50 

47 

44 

41 

38 

85 

loo 

94 

88 

83 

76 

71 

66 

63 

58 

54 

50 

46 

43 

40 

87 

84 

100 

94 

88 

83 

76 

71 

66 

61 

57 

53 

49 

46 

43 

40 

37 

34 

100 

03 

87 

81 

78 

71 

66 

61 

57 

53 

49 

46 

43 

40 

37 

84 

100 

98 

87 

81 

75 

70 

65. 

61 

57 

53 

49 

45 

42 

39 

36 

38 

100 

93 

87 

81 

75 

70 

65 

60 

56 

52 

48 

44 

41 

38 

35 

82 

100 

93 

87 

81 

75 

70 

65 

60 

56 

53 

48 

44 

41 

38 

85 

32 

100 

98 

88 

80 

74 

89 

64 

59 

, ^ 

51 

47 

43 

40 


34 

81 

loo 

98 

88 

80 

74 

69 

64 

59 

55 

51 

47 

43 

39 

36 


1 so 

100 

98 

88 

80 

74 

69 

64 

59 

54 

50 

46 ' 

43 

39 ' 

36 


30 

100 

98 

88 

80 

74 

68 

63 

58 I 

54 

50 

46 

43 

38 

35 

33 I 

39 

100 

93 

88 

80 

74 

88 

63 

58 

53 

49 

45 

41 

37 

34 

81 

39 

100 

98 

88 

79 

78 

67 

82 

57 

53 

49 

45 

41 

37 

34 

81 

38 

100 

98 

88 

79 

78 

87 

63 

57 

53 

48 

44 

40 

36 

33 

80 


100 

98 

88 

79 

78 

87 

61 

56 

51 

47 

43 

39 

36 

33 

80 


100 

98 

88 

79 

78 

87 

81 

56 

51 

47 

43 

39 

36 

33 

39 


100 

93 

85 

78 

73 

86 

60 

55 

50 

48 

42 

38 

34 

81 

38 


100 

93 

84 

n 

71 

85 

59 

54 

49 

45 

41 

37 

84 

31 

38 


100 

93 

64 

78 

78 

65 

59 

54 

49 

45 

41 

37 

34 

31 

38 


100 

93 

64 

78 

73 

48 

60 

54 

49 

44 

40 

36 

33 

30 

27 


100 

93 

84 

77 

TO 

64 

58 

53 

48 

43 

39 

35 

31 

38 



100 

93 

84 

78 

89 

86 

57 

51 

46 

43 

38 

34 

31 




100 

93 

64 

77 

70 

86 

57 

53 

47 

43 

38 

34 





100 

91 

69 

76 

88 

83 

58 

50 

45 

41 

37 






100 

91 

68 

76 

86 

81 

55 

49 

44 

39 
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91 

83 

74 

68 

66 

53 

47 

43 








100 

90 

80 

71 













100 

88 

79 

73 
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89 

76 

70 













too 

87 

76 
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H DBSCaiPTIOir of meteobolooioal instruments. 


Wei^ of a Otdne Foot of Saturated Air under the preemiv of 30 inches 

of Merettry. 


Temp. 

Fahr. 

Weight of a 
Cubic Foot 
of Air satu- 
rated with 
Vapour. 

Temp. 

Fahr. 

Weight of a 
Cuinc Foot 
of Air satu- 
rated with 
Vapour. 

Temp. 

Fahr. 

Weight of a 
Cubic Foot 
of Air satu- 
rated with 
Vapour. 

Temp. 

Fahr. 

Weight of a 
Cubic Foot 
of Air satu- 
rated with 
Vapour. 

e 

0 

6^'*03 

o 

26 

grs. 

572*85 

o 

51 

gra. 

543-21 

o 

70 

6f4-56 

1 

604-69 

27 

571-63 

52 

542-06 

77 

513-40 

2 

603-37 

28 

570-42 

63 

540-89 

78 

612-20 

3 

602-05- 

29 

569-20 

54 

539-75 

79 

511-13 

4 

600-72 

30 

567-99 

55 

538-60 

80 

509*97 

5 

599-40 

31 

566-79 

56 

537 45 

81 

508-81 

6 

59811 

32 

565-58 

57 

530-30 

82 

507-07 

7 

596-80 

33 

564-38 

58 

5.35-1 0 

83 

506-51 

8 

595-51 

34 

563-18 

59 ‘ 

534-00 

84 

505-36 

9 

594-24 

35 

561-99 

60 

532-84 

85 

604-19 

10 

592-94 

36 

560-79 

61 

531-09 

86 

503-05 

11 

591-64 

37 

659-59 

62 

530-55 

87 

501-90 

12 

590-35 

38 i 

558-42 

63 

529-42 

88 

600-74 

13 

589-08 

39 

557-22 

64 

528-27 

89 

499-57 

14 

587-82 

40 

550*03 

65 

527-14 1 

90 

498-43 

15 

586-55 

41 

' 554-87 I 

66 

; 520-01 I 

91 

497-25 

16 

585-30 

42 

553-69 J 

I 67 

524-80 j 

92 1 

490-07 

17 

584-03 

43 

552-52 

1 68 

523-71 I 

93 

494-90 

18 

,582-76 

44 

551-36 1 

1 69 

522-55 ! 

94 

493-74 

19 

581-51 

45 

550-19 I 

70 

521-41 1 

95 

492-56 

20 

580-26 

46 

549-01 j 

71 

520-27 1 

96 

491-39 

21 

579-03 

47 

547-85 

72 

519-12 ! 

97 

490-19 

22 

577-78 

48 

546-69 i 

73 

617-98 ' 

98 

489-01 

23 

576*56 

49 

545*53 i 

1 74 

510-82 ! 

99 

487-83 

24 

575-32 

.50 

544-36 ! 

75 

516-09 1 

100 

480-05 

25 

574-08 


i 

( 



; 
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SECTION III. 

BABOMETER. 

A good merenml barometer ia supplieti to many army atationa ; the scale 
is brass, gradnated to SOtha or j^-tenths on the scale, and is read to ^ ^pths 
by meuis of a vernier. There la a movable bottom to the cistern, which is 
worked up and down by a screw, so as to keep the merciuy in the cistern at 
the same level Comction for capacity is thus avoided 

To fix the Baronuder. — Choose a place with a gwsl light, yet protected 
firom direct sunlight and rain ; fix the frame sent with the barometer very 
carofitlly with a plumb-line, so as to have it exactly {wriwndicular ; then hang 
the barometer on the hook, and adjust it gently by means of the Uiim screws 
at the bottom, so that it hangs truly in the centra. Test this by the jdnmb- 
line ^a 4 on. we^t tied to a string will do), and then nnamew the bottom of 
the astern till the ivory pomt ie seem 
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Before fixing the barometer the bottom should be unscrewed till the mer- 
cury is two or three inches from the top ; the barometer should be suddenly 
inclined, so as to let the mercury fall against the top ; if there is no air it will 
do this with a dull thud ; if there be air there is no thud ; in that case turn 
the barometer upside down, and tap the side forcibly till you see the globule 
of air passing up the tube through the mercury into the cistern. Do not be 
airad of doing this ; if the screw at the bottom be not too far unscrewed 
there is no danger of any damage to the instrument. 

Beading of Barometer, — Ee^ the attached thermometer first ; then adjust 
the cistern, so that the ivory p«>int, perceptible through the glass wall of the 
cistern, seems just to touch the point of the image in the mercury. Then 
adjust the vernier, so as to cut off the light from the top of the mercury. 
Then read the scale with the bottom of the vernier. 

I have found that a little difficulty is experienced in understanding the 
vernier by those who arc not accustomed to such instruments. It will be, 
probably, comprehended from a little description, read with the instrument 
before us. On the scale of the barometer itself*, it will be seen that the 
smallest divisions corresjKmd to half-tenths; that is,tOyf ^ths of an inch( = *05). 
The height of the mercuiy^ can Ikj read so fai* on the scale itself. Tlie vernier 
is intended to enable us to read the amount of space the top of the mercury is 
al.)ove or IkjIow one of these lialf-tentli lines. It will he observed, that the 
vernier is divi<led into tw^enty-five lines ; but on a<ijustmg it, so that its lower 
line corresponds wdth a line indicating an inch, it will bi‘ seen that its twenty- 
five divisions only equal tw*enty-f<mr half-tenth divisions on the scale. The 
r(‘sult is, that each division on the vernier is less than a lialf-tenth 
division on the scale. One ^^yth of a hall-tenth is y^^ths of an inch (*05 
~ 25 =. *002 inch). 

This b(ung understood, adjust the vernier so that its loicest line accurately 
cfirresponds to any line on the scale. It will then be seen, tliat its next highest 
lino is a little distance IxjIow (in fact, *002 inch) the next line on the fixed 
sc^e. Eaise now* the vtimier, m> that its second line sliall correspond to the 
line on the scale to which it wa.s a little Ixdow* ; and of course the bottom of 
the vernier must rais(‘d *002 inch alK)ve the line it first corresponded with. 
If the next highest line, the tliird on the vernier, l>e made to correspond with 
the line on the scale just above it, the lK)ttom of the scale must he raised 
double this (*004 inch) al)ove the line it was first level with ; if the next 
highest, the sciile is raisi'd *000, and so on. Each division on the vernier 
equals *002 inch, anil each five divisions etpials yl^th, or *01 inch. 

When the top of the mercury is Ijetween the half-tenth lines, and the 
vernier is a<ljuBted to the top of the mercurv*, see what line on the vernier 
above coiTes}>oiids exactly h) a line on the scale. Then read the number on 
the vernier, couiiting from the bottom ; multiply it by *002, and the result is 
the number of hunditMls or thousands of an inch the toj) of the mercury is 
above the half4entli line next below* it.^ Add this number to that alniidy 
^got by direct n^ailing of ilie fixetl scale, and the result is the height of the 
morcu^ in indies, and decimals of on inch. 

Covrotiiom for the Banmuier, — ^The ban)meter supplieil to military 
stations reciuires no correction for cajHieity. Tliere are tw*o constant cor- 
rections for all barometers, vi*.*, capillarity and index error. The first de- 


• liuitMd of maltlplyiiig tbs aamber on Uio Tornter by 00*2, a little practice enable the 
oaUniiatlon to he made at once. On the remier will be eeen the fii^ne 5i 

ocsiwipfiiMlIiis lo ilie fitb, 10th, Ihth, RDth. and 25lh lineaj^ indicating *01, *0S; *03, *04, or *06 
Indh. Each line hetweeii these ntimhefeu linen e(|oal«, '002 inch. 
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peods <Mi tbe sin of the bote, and whether the meRsniy has been boiled 

tile tube or not 




Diameter of Tabe. 



To bo sddod for ospUlartty, if 
the morcoiT bM bMn boO^ 

*070 inches. 

0*1 inch. 

* 


0 -2 „ . 



•029 „ 

0*3 „ . 



•014 „ 

0-4 „ 



•007 „ 

0-5 » 



• -003 „ 

0-6 „ . 



« -002 „ 


The error for capillarity is notified by the maker. Index error is determined 
by comparison with a standard barometer. It is indicated by the maker, and 
is constant for the .same barometer. The index and capillarity errors are put 
together. The capillarity error is always additive ; the index error may be 
subtractive or additive ; the two together form a constant quantity. 

Correction for Temperature, — ^The barometer is always registered as if the 
temperatiure were 32® Fahr. If the temperature of the mercury lie above 
this, the metal expands, and reads liigher than it would do at 32®. The 
amount of expansion of mercury is *0001001 of its bulk for each degree ; but 
the linear expansion of the scale must be also considered. 

SchumacheFs formula is used for the correction — ^vix, 

h = observed height of barometer in inches. 
i = temperature of attached thermometer (Fahr.) 
ms expansion of mercury jw degree — vix *0001001. 

I -linear exjionsion of scale — vix, *0000104344 ; normal temperature 
being 62®. 

Ill (/-32®)-/(/~62®) 

To facilitate the correction for temiierat nre, tables are given in Sir H. James's 
work, which is distributed to medical ofiicers. Tlie fidlowing shorter table 
may be useful : — 

Table /or Reduction of Barometer to Freezing Point The nnviher oppoeite the 
temperature of the attached thermmneter ie to Im deducted. 


Temp, of ’ 

stUched 

Them. 

27 inebea. 

CofT«ctifmj» for tbe Barometer at 

2S iadifi. 29 Jadiea. 

30 incbM. 

I fUtr. doge. 

inch. 

inch. 

inch. 

inoh. 

32 

■0086 

! 0088 

•0091 

•0094 

34 

•0134 

•0138 

•0143 

■0148 

36 

•0183 

i -0188 

•0194 

■0201 

38 

•0231 

i 0238 

•0246 

1 -0255 

40 

■0279 

•0288 

•0298 

1 * -0309 

42 

•0327 

•0338 

•0350 

•0362 

44 

•0375 

■0388 

•0402 

•0416 

46 

•0423 

•0438 

•0464 

•0470 

48 

■0471 

•0488 

•0506 

•0528 

50 

•0519 

•0538 

•0558 

•0677 

52 

•0568 

■0588 

•0609 

•0680 
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Table for BedueHon of Barometer — continued. 


Tamp, of 


Corractlona for tha Bsrometar at 


tlierm. 

27 inebaa. 

28 inches. 

29 inches. 

30 inches. 

Fahr. deg. 

inch. 

inch. 

inch. 

inch. 

64 

•0616 

, *0638 

•0661 

•0684 

56 

•0664 

•0688 

•0713 

•0738 

58 

•0712 

* -0738 

•0765 

•0791 

60 

•0760 

•0788 

•0817 

•0845 

62 

•0809 

•0838 

•0868 

•0898 

64 

•0857 

*0888 

•0920 

•0951 

66 

*0906 

•0938 

•0971 

•1005 

68 

•0954 

•0988 

•1023 

•1058 

70 

*1000 

*1037 

•1075 

*1112 

72 

*1049 

•1087 

•1126 

•1165 

74 

•1097 

*1137 ! 

! 1178 

*1218 

! 76 

•1146 

•1187 

; 1229 

•1272 

78 

•1194 

•1237 

•1281 

•1325 

80 

•1241 

*1286 

•1332 

•1378 

82 

•1289 

•1336 

•1384 

•1432 

84 1 

•1338 

•1386 

•1435 

•1485 

86 ! 

•1385 

•1435 

•1486 

•1538 

88 

1 1433 

•1485 

•1538 

•1591 

90 

1 1482 

) 

•1535 

*1589 

•1644 


Correction for Sea-Levcl, — Medical officcre do not require to make this cor- 
rection, as what is wanted is to know the actual pressure of the air on the 
body. As tlie mercury falls alx)ut (*001 inch)* for every foot of 

ascent, this amount multi plieil hy the number of feet must be added to the 
height, if the place l>e al>ove sea-level. The temperature of the air has, how- 
ever, also to l)e taken intc» account if great accuracy is required. 

When all these corrections have been made the exact height of the mercury 
represents tiie conjoint weights of the oxygen, nitrogen, carbonic acid, and 
watery vajK)ur of the atmasphere. It is difficult to separate these several 
weights, and the late obsc»r\'ations, which shoAv that the humidity existing at 
any place is merely local, and that va|>our is most unequally diffused through 
the air, render it quite uncertain what amount of tlic mercury is support^ 
by the watery vapour. Yet that this has a conshlerable effect in altering the 
harometric height, particularly in the troincs, seems certain (Herschel). 

The height of the barometer at sea-level differs at different pai^ of the 
eaiih^s suimce ; being leas at the equator (29*974) than on either side at 30® 
N, and 8, lat, and lessening again Uwants the ix>le», especially towards the 
south, fifom 63® to 74® 8. kt, where the depression is upwanls of an inch. It 
differs in different places also according to their geographical position, and 
ihehr height above sea-leveL Like the thermometer, it is subject^ to diurnal 
and ann^ periodic changes and tp non-periodic undulations. 

In the tropics the diur^ changes are vefy steady ; there are two maxima 
and two minima ; the first maximum is about 9 am. ; the first minimum about 
S to 4 P.M. I the second maximum at 10 p.m. ; the second minimum at 4 am, 

s Tk fsiii ammuit Is a Utils bslow Ihls, bat vsrisik with slUtads ; at sea-lev^ tbs smoant 
la *000680 tmvmy toot of saosat Bss mmmmmmt of hsighu hy barometer. 
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Xliaae ciianges ate, perhaps, chiefly dependent on the wateiy vapour (Uersohel). 
In this oountry the diurnal range is less ; it falls from midnight to about 
4 or 6 ; rises tiU 11, and fidls again till 4 or 6 ; then rises till midnight. I^e 
undulations depend on the constantly shifting currents of air, rendering 
the total amount of air over a place heavier or lighter. The wind tends to 
pass towards the locality of least barometric pressure. In this country the 
barometer falls with the south-west winds ; rises with the north and east ; 
the former are moist and warm, the latter dry and cold winds. 

The isoharometric lines are the lines connecting places with the same mean 
annual height of barometer. 

Meamrmnent of HeighU, — The barometer falls when heights are ascended 
as a certain weight of air is left Ixdow it. The diminution is not regular, for 
the higher the ascent the less weighty the air, and a greater and greater height 
must be ascended to depress the barometer one inch. While the elevation in- 
creases in an arithmetical ratio, the density of the stnita of air declines in a 
geometrical one. The ratio is in fact a logarithmic one. 

The measurements of heights in this way is of extreme use to medical 
ofiicers ; the aneroid barometer can be used as high as 5000 feet, and a deli- 
cate mstrument will measure os little as 4 feet. 

To lower from 31 inches to 30 857 feet must Ik? ascendeii. 
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A great nuinlKT of jdans are in use fur cah’idating heights. It can Ijo 
done ruailily by Iogaritlun.s, but then medical officers may not )MisS(?ss a table 
of higanthinsw 

The simplest rule of all is one given by l>f?slie. Take Uie heights of the 
mercurial columns correc^UMl to 32 ^ and the UfnijKjrature of the air, at the two 
stations. Then, as the sum of the heights of the lHm«metric columns is to 
their difference, so is the c<mstaut nuiulier 52,200t to the approximate Iieiglit 
in feet A correction has then to Ik? made for the t<*mjK?raturu of the air; the 
formula alreaily given in the f(K>tiiote vrill do for this. 

Tables such as those given by Oltinanns are very* convenient for estimating 
heights by the liarometer. A table less long than Oltmaiins', but based oti 
the same principle?, and prolmbly taken from Oltmaiins', has lieim given by 
ST^gretti and Zambia in their useful work,^ and as it is tlie easiest formula I 
knw, 1 have cofued it 

To measure heights we require agood mercurial liarometer, with an attached 
tbermometer, or an aneroid compensated for t<?m[iemture. A thennoineler to 
ascertain the tempemture of the air is also rfK{uireil. Two bammeleii and 

* Tbs lidgbi caabs tsken mdfl/ Urom ibis tslik, sml s eerrsetion aisds far tmiMiialais by 

nlUplyiag tbs a«n»bsr obtsiaid from tbs ubis, whkb may bs oiiM lbs fbnaiila 
itkim of tbs Jowsr, and I of tbs upper itstkm). 

, yf + r».64\ ^ 

1 

t UsIkgavstbsiMittlNwMttKI^ batitbiwbesasbimntbsiblb^Dbgliwibsl^ 

t A 1Wllia<m Mslimr^offi^ Mnuasat*, by It Estnbni, iM. 
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two thennometers, which can he ohserved at the same moment at the upper 
and lower Btationa, are desirable. 

« Supposing, however, there is but one barometer, take the height at the lower 
station, and collect for tem|>erature to 32^ Take the temperature of the air. 
Ascend as rapidly as possible to the upper station, and take the height of the 
barometer (correcting it to 32®) and the temperature of the air ; then use the fol- 
lowing tables. If the height is less than 300 feet, tables 2, 3, and 4 need not 
be U8^. 

“ Table L is calculated from the formula, height in feet = 60,200 (log. 
29*922 — log. B) *f 925 ; where 29*922 is the mean atmospheric pressure at 
32® Fahr., and the mean stio-level in latitude 45® ; and B is any other baro- 
metric pressure ; the 925 l)eing added to avoid minus signs in the table. 

“ Table II. contains the correction necessary for the mean temperature of 
the stratum of air between the stations of observation ; and is computed 
from Kegnault’s co-cfticient for the expansion of air, which is *002036 of its 
volume at 32® for each degree above that temjKjrature. 

“Table III. is the correction due to the diftbrence of gravitation in any 
other latitude, and is fomid from the formula, jc - 1 + *00265 cos. 2 lat. 

“ Table IV. is to correct for the diminution of gravity in ascending jfrom 
the sea-leveL 

“ To us(} these tables .* The barometer readings at the up])er and lower 
stations having Injcn corrected and reduced to temiwjrature 32® Fahr., take 
out fnim Table I. the numlKirs op|>osite the correcte<l rea<iings of the two 
barometers, and subtract the lower from the upj)er. Multiply this difference 
successively by the fmjtors found in Tables II. and III. llie factor from 
Table III. may Ixs neglected unless precision is desired Finally, add the 
correction taken from Table IV.” (Negretti and Zambra). 

In the hible the baroim^ter is only reml to lOths, but it should be read to 
lODths (*01) and lOOOths (*001), and the niunber of feet corresponding to 
these amounts calculated from the table, which is easy enough. 


Table 1. — Apprujcimnie He iff hi due tfi Buroineiric Ptrstfure, 
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Table II . — Correction due to Mean Temperature of the Air ; the Tem- 
perature of the Upper and Loieer Stations being added and divided 
by 2. 


Mean Temp. 

Factor. 

Mean Temp. 

Factor. 

Mean Temp. 

Factor. 


0-955 

35® 

1006 

60® 

1*057 

11 

•957 

36 

1*008 

61 

1*059 

12 

•959 

37 

1010 

62 

1*061 

13 

*961 

38 

1012 

63 

1063 

14 

•963 

39 

1*014 

64 

1065 

15 

•065 

40 

1*016 

65 

1067 

16 

•967 


1*018 

66 

1069 

17 

•960 

42 

1*020 

67 

1071 

18 

•971 

43 

1*022 ! 

68 

1-073 

19 

•974 

44 

1*024 

69 

1075 

20 

•976 

45 

1*0-26 

70 

1077 

21 

•978 

i 46 

1-029 

71 

1-079 

22 

•980 ! 

;i 47 

1 0.31 

! 72 

1081 

23 

•982 1 

;; 48 

1 -0.3.3 1, 73 

1-083 

24 

•984 

1 49 

1-035 

i 74 

1-086 

! 25 

-986 

1 50 

1-037 

1 75 

1-088 

26 

-988 

51 

1-0.39 

76 

1*090 

27 

•990 

i; 52 

1-041 

77 

1092 

.28 

*992 

53 

1-043 ! 

78 

1-094 

29 

•994 

ii 54 

1-04.3 ' 

79 

1-096 

' 30 

•996 

•i 55 

1*047 

80 

1-098 

31 

0*998 

56 

1*049 

81 

MOO 

32 

1-000 

;i 57 

1*0.51 

82 

1-102 

33 

1002 

ii 58 

1*053 

i 83 

1*104 

34 

1 004 

jl 59 

l-o.^.-i 

84 

1-106 


Table III. 


Ijatitmle. 

Factor. 

l>atitnde. 

Factor. j 

Latitude. 

Factor. 

80° 

0-99751 

50° 

0-99954 

20® 

1-00203 

75 

0-99770 

45 

1-00000 

15 

1*00230 

70 

0-99797 

40 

1-00046 

10 

1-00249 

65 

0-99830 

35 

1-00090 

5 

1-00261 

60 

0-99868 

30 

1 00132 1 

0 

1-00266 

55 

0-99910 

25 

1-00170 
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Table IV. 


Height in 
Thousand Feet. 

Gorreetion 

Additive. 

Height in 
Thousand Feet 

Oomction 

Additive. 

1 

3 

14 

44 

2 

5 

15 

48 

3 

8 

16 

52 

4 

11 

17 

56 

5 

14 

18 

60 

6 • 

i 

! 19 

65 

7 1 

* 20 

j 20 

69 

8 i 

23 

21 

74 

1 9 ! 

26 1 

: 22 

78 

! 10 

30 

I 23 

! 83 

11 ! 

33 ' 

: 24 1 

! 88 

12 ! 

37 ! 

: 25 

; 93 

i 13 j 

1 ‘ 

41 

i 26 ' 

i 98 


Kxample , — On 21st Octoljor 1852, when Mr Welsh ascended in a 
balloon, at 3b. 30nL p.m., the barometer, corrected anti nnluced, w'as 18*85, 
the air temperature 27^, while at (irf^enwich. 159 fcvi al>ove the sea, the 
barometer at the same time was 29*97 indies, air tenijn^rature 49^, the balloon 
not being more than five miles S.W. frt»m over (JnH*nwi<di; recjiiired its 
elevation. 

Feet. 


Barometer in Ban(X>n 
„ at Greenwich, 

18-85, 

29-97, 

Tnhl.. 1. 

13007 

883 

Mean Temperature, 38®, Table 11. 

P'actor, 

12124 

1-012 

Latitude 51^®, Factor from Table III. . 

12269- 

-99941 

Correction from Table IV. 


. 

12262 

38 

Elevation of Greenwich, 


. . . 

12300 

159 

„ Balloon, 


. . . 

12459 


Weight of the Air . — The barometer expre««?s the weight of the air in inehei 
of mereitiT, The actual weight can hkn deU^rminnl, if the reading of the 
barometer, lemperattue, and humiditj an* all known. 

The wei|^t ot a cubic foot of diy air at 32^ Falir., and noinuil pieaeoie, ta 
566*85 graina For anj other tempcsmture, the weight can lie calculated. 
Multiply the eo-effident of the expansion of air (vix,, *0020361 tm T Fahr.) 
by the number of degieea above 32, and divide 566*85 l^ the number to 
obtatnecL The tmmlt ia the weight of the dry air at the given tempemtiire. 
The foOowing Table ta eopted firm Ghudier. 
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Tabls showing the Weight in Qmine of a Cubic Foot of Dry Air^ under the 
preemre of 30 inches of Mercury^ for eoery degree from 0® to 100®, 


Temp. 

Fsbr. 

Weight of a 
Cubic Foot of 
Dry Air. 

Temp. 

Fahr. 

Weight of a 
Cubic Foot of 
Dry Air. 

j Temp. 

1 Fahr. 

Weight of a 1 
Cubic Foot ofi 
Dry Air. 

Temp. 

Falir. 

Weight of a 
Cubic Foot of 
Dry Air. 

e 

0 

6§6'37 

o 

26 

gra. 

573-87 

1 ° 
i 61 

gw. 

545*74 


0 

76 

gT8. 

520*25 

1 

60505 

27 

572*69 

! 52 

544*67 


77 

519-28 

2 

603-74 

28 

571-51 

i 53 

543*61 


78 

518-31 

3 

602*43 

29 

570*34 

I 54 

542-55 


79 

517-35 

4 

601*13 

30 

569-17 

: 55 

541*50 

! 

80 

516*39 

5 

599-83 

31 

568*01 

- 56 

540-45 

1 

81 

515*43 

6 

598-54 

32 

566*85 

57 

539*40 


82 

514*48 

7 

597*26 

33 

565*70 

58 

538-36 

1 

83 

513*53 

8 

595*98 

34 

564*56 

59 

537*32 

1 

84 

512*59 

9 

594-71 

1 35 

563*42 

. 60 

536*28 

1 

85 

511*65 

10 

593-44 

1 36 

562*28 

: 61 

535*25 


86 

510*71 

11 

592*18 

li 37 

561*15 

: 62 

534-22 


i 87 

509*77 

12 

590*92 

i 38 

560*02 1 

63 

533*20 


1 88 

508*84 

13 

589*67 

39 

558*89 

) 64 

532*18 


! 89 

507*91 

14 

588*42 

i 

557*77 

i 05 

531*17 


j 90 

506*99 

15 

587*18 

41 

556*66 

) 66 

530*16 

ji 

91 1 

506*07 

16 

585*95 

42 

555*55 

: 67 

529*15 


^ 92 

505*15 

17 

584*72 

; 43 

554*44 

; 08 

528*14 

i'j 

93 

504-23 

18 

583'49 li 44 

553*34 

: 69 

527*14 

* 

ji 

94 

503*32 

19 

582*27 li 45 

552*24 

: 70 

526*15 

t! 

95 

502*41 

20 

581*05 

46 

.551*15 

I T1 

525*16 

ij 

Ij 

96 

501*50 

, 21 

579-84 

47 

1 550*06 

I 

524*17 

'I 

97 

500*60 

i 22 

578*64 

48 

548*97 

1 <3 

523*18 

*1 

98 

1 499*70 

; 23 

577*44 

49 

547*89 

i 74 

522*20 

1) 

j 99 

498-81 

1 24 

576*24 

; '"’O 

546*82 

1 

521*22 

v 

). 

100 

497-93 

i 25 

i 

575*05 

i 

i 


\ 

\ 




t 

! 

i 

i i 



SECTION IV. 

RAIN, 

Rain is estimated in inches ; that is, the fall of an inch of rain implies that 
oft ereiy square inch of surface a height of rain has fallen equal to one inch. 
An inch of rain therefore means a cubic inch of water. The amount of rain 
is determined by a rain-gauge. Two gauges are supplied for military stations ; 
one placed on the ground, one 20 feet alwve it ; in all i>art« of the world the 
latter indicates loss rain than the lower-placed gauge. 

SevoTal kinds of gauges are in use. The one used by the Army Medical 
Department is a round tin box with a rim or groove at the top ; a round top 
with a funnel inside fits on to this groove, which, when filled with water, forma 
a water valve. The ojpening above ia circular (the circle being made very 
eaxefixlly, and a rim bmng carried round it to prevent the rain drops from 
being w^led by wind out of the mouth), and descends funnel-ah^ped, the 
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small end of the funnel being turned up to prevent evaporation. The best 
siae for the open top, or in odier words, the area of tlie receiving surface, is 
about 100 square inches. Hie lower i)art of the box is sunk in the ground 
nearly to the groove ; the upper ptvrt is then put in, and a glass vessel is 
placed below the fimnel to receive the water. At. stated times (usually at 9 
A.M. daily) the top is taken off, the glass vessel taken out, and the water 
weighed or measured. The latter is easiest, and is done in a glass vessel 
graduated to an inch and hundredths of an inch, and which is sent with tlio 
gauge. Each gauge has its own measure. 

If this glass is broken it can be replaced by the following rule, or a rain 
gauge can be made by any one veiy easily. It netnl not be round, though 
tliis is now thought the b^t form, but may be a square box of metal or wood, 
and may be of any size near a square foot ; the small gauges are not to l)e 
trusted, and the large are unwieldy. 

Determine the area, in square inches, of the n?ceiving surface, or top of tlic 
gaiige, by careful measurement (see Moa8uremt‘ut of itooms, chapter on Air). 
Tliis area, if covered with water to the heiglit of one inch, would give us a 
ci»iTesponding amount of cubic inches. This numlH*r of cubic inches is the 
measure of that gauge for one incli, liecjiuse when the rain ecpials that quantity 
it shows tliat one inch of rain luw fallen over the wliole surfac'c. 

Let us say the area of the re<.‘eiving surface is 100 stjuare inches. Take 100 
cubic inches of waU*r and put it into a glas.s, put a mark at tlu* height of the 
fluid, and divide the glass IhjIow it into 1(M) i*<jual jmrts. If the rainfall 
comes up to the mark, one inch <»f min has fallen on each B4|uara inch of sur* 
face ; if it only comes u[) to a mark l>eIow, siime amount less than an inch 
(which is so expnjsst»d in ^ths and has fallen. 

To get the nHiuisite nuinlnT of cuhie indies of water we can weigh or 
lueasum. A cubic inch of water at 62"" weighs 252*458 gmins, conset|UGiitly 
100 cubic inches will 1 k‘ (252*458 x 100) r. 25245*8 gmins, or 57*7 ounces 
avoir. But an <'ask?r way still is to iiK’asnn* tin* wab^r — an ounett avoir, is 
equal to 1*733 cubic indi<*s, therefore divitle 100 by 1*733 and we obtain the 
number of ounces avoir, which com*sj><>ndH to lOO cubic indies. 

Usually a one-inch nieasun; is so largi* a glass, that half an inch is considered 
more convenient. 

From the table of the weight of vap<»ur already given, it will ho seen that 
the amount of vapour which can l>e renderiHl insiuisible, incntasi^s with the 
temperature, but not regularly ; more comjmnitivdy is taken up by tb«>> high 
temperatures ; thus, at 40°, 2*80 grains are supjiorted ; at 50**, 4*10 grains, or 
I *24 pains more ; at 60"*, 5*77 gmins, or 1*67 gmins morv than at 50°. lliere- 
fore, if two currents of air of une<[ual U*mjHjratures, but equally satumt 4 xl aith 
moisture, meet in e<|ual volume, the tein{iemtun? will the iiimn of the two, 
Imt the amount of vajiour whicli will be kc^pt invisible is li*Hs tlian the mean, 
and the vapour necessarily falls as fog or rain. Tims one tuiiumifx] cummt 
beiiig at 40® and the other at 60®, the resultant teinjx mtum will be 50®, btit 
Uie amount of invisible vapour will not lie the mean, viz., 4 *315, but 4*1 ; an 
amount equal to *215 will therefore lie deftosited. 

Sain is therefore owing to the cooling of a satumted air, and min is heaviest 
tindetr the following eonditions—when the fomfiemture being high, and the 
amount of vapour huge, the hot and moist air sociti encounters a coM air. 
These conditions am cUefly met with in the tropics, when the hot air, 
satumted with vapour, im]dnges on a chain of lofty hills over which the air 
is will The foil then may be 130 to 160 inches, as on the MalaW coast of 
India, iw 180 lo 220 in Southern Burmah, or 600 at CluitTapoo^lee, in the 
Khasyah Hills. Even in our own eountiy the hot air from the Gulf Stmam 
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impinging on the Cumberland Hills causes, in some districts, a fall of 80, 
100, and even 130 inches. 

The rainfall in different places is remarkably irregular from year to year ; 
thus at Bomlmy the mean l^ing 76, in 1822 no less than 112 inches, while 
in 1824 only 34 inches fell. 

The amount of rain in the different foreign stations is given under the re- 
spective headings. 


SECTION V. 

EVAPORATION. 

The amount of evap<jration from a given moist surface is a problem of great 
interest, but it is not easy to determine it experimentally, and no instrument 
is issued by the Anuy Mcnlical Department. A shallow vessel of known area, 
protected round the rim by w^ire to prevent birds from drinking, is filled with 
a known quantity of water, and then, weekly or monthly, the diminution of 
the water is determined, the amount of afldition by rain btjing at the same 
time determined by a niiii-gauge. This plan takes no notice of dew, and is 
not reganle<l as satisfiu^tery. 

Another plan is placing water under a cover, which may protect it froni rain 
and dew and yet jHinnit eA'a|K)mtion, and w'eighing the loss daily. It is diffi- 
cult, however, to insure that the evaiwration shall l)e equal to that under the 
frtM3 heavens. 

A third jilan is calculating the rate of evai)oration from the depression of 
th«». wet-bulb thennometer, by deducting tlic elastic force of vapour at the 
dew-]K)int tem[a)rature from the elastic force at the air temi>erature, and taking 
the difference as expnissing th(5 evai>oration. This difference expresses the 
force of escape of vapour from the moist surface. 

Instruments termed Atmonuji(^r.s have been used for this purpose; the first 
was inveiitetl by lji».slie, A l>all of jH)ix)us earthenware w’as fixed to a glass . 
tulw, with divisions, each corres|K)iuling to an amount of water which would 
cover the surfiu'e of the ball with a film equal to the thickness of y^n^T^th part 
of an inch. The evaiH>ration from the .surface of the ball w^as then read off. 
Dr llabinghm has also invented an ingenious “ Atmidometer.”* 

The amount of evaj>onition is intiueiiced by tem]H*rature, wind, humidity of 
the air, rarefaction of the air, degriH) of exjH)sure or shading, and by the 
tuiture of thclnoist surfun* ; it is greater from moist soil than from water. 

Tlic amount of va]H)ur annually rising fivin each scpiare inch of water sur- 
face in this country has Injeu estimaUHl at from 20 to 24 inches; in the 
tropical seas it has lHH?n estimated at fnnu 80 to 1 30, or even more inches. 
In the Indian Ocean it has Ihkui estimabHl at as much as an inch in twenty- 
four hours, or 365 in the y(?ar, an almost incredible amount No doubt, how- 
ever, the qiuuitity is very great 

It requires an eflbrt of imagination to realise the immense distillation which 
goes on from the tropical seas. Take merely 60 imduvs as the annual distilla- 
tion, and reckon this in feet instead of inches, and then proceed to calculate 
the weight of the water rising annually from such a small space as the Bay 
of Bengal. Tlie amount is almost incredible. 

This distillation of water serves many groat purjKjses ; mixing with Ae air 
it is a vast motive power, for its 8]>ecifio gravity is very low (*6235, afr being 1), 
and it causes an enlatgenient of the volume of air ; the moist air is therefore 

• Negretti and Zanibra’a Treatise, p. 141, detaUa. 
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much lighten, and ascends with great rapidity ; the distillation also causes an 
transference of heat from the tropics, where the evaporation renders 
latent a great amount of heat, to the extra-tropical region where this vapour 
fidls as rain, and consequently parts with its heat. The evaporation also has 
been supposed to be a great cause of the ocean currents (Maury), which play 
so important a part in the distribution of winds, moisture, and warmth. 

For physicians the amoimt of evaporation is a very imjwrtant point, not 
merely as influencing the moisture of the air abstractedly, but as aflbcting the 
evaporation firom the skin and lungs, llie evajK>rating |>ower of the air is 
inversely to its relative humidity in a still air ; it is of course influenced by 
winds and their temperature, and tlie vessels and the nerves of the skin are 
then affected, and evaporation may be accelerated by tht* physical conditions 
of motion and warmth, or may be lessened by the physiological action of the 
wind. The problem is thus a complicated one. (8c?e Climate.) 


.SECTION VI. 


WIND. 

Direction . — For determining the direction of the wind a vane is necessaiy'. 
It should be placed in such a position as to Iw able to feel the influence of the 
wind on all sides, and not be subjected to e<ldies by the vicinity of buildings, 
trees, or hills. TTie pi)ints must be iixed by tin? compass ; the magnetic decli- 
nation being taken into account ; the (hM'linution of the place must lie obtained 
from the nearest < )bser>*atorv ; in this ctmntry it is now alK)iit 21° to the west- 
ward of true north. The <lin*ction <»f the wind is regisUinxl twice daily in the 
army retunis, but any unusual shifting should n*<*eive a 8]K*cial note. The 
course of the wiml is not always jMinilhd with the earth ; it sometimes blows 
slightly downwards ; contrivances have Ixjen empluyt^i to measure tliis, but 
it does not seem important. 

Various plans are res4>rted Ut for giving a complete summoiy of the winds, 
but these are not re<piired fn>m the meclical officer. 

Velocitif . — A small KobinJKiii's anemometer is now supplied to each station ; 
it is read every 24 hours, and marks the horizontal movement in the preaxl- 
ing 24 hours. 

This anemometer usually consists of four small cu|is,* fixed on horixontai • 
axes of such a length (1’12 fijet Ixjtween two cups) that the centre of a cup, in 
revolving a circle, passcfs over i^^^th of a mile ; or the distance Wtween two 
cnps is exactly one foot, so that the circle is 3*1416 fwt. These? cujm revolve 
with a third of the wind's velocity ; 500 n^volulwms of the cups therefore in- 
(Ucate one mile. By an arrangement of wheels, the iiumljer of miles travers^ 
by the cups in any given time is registered. 

This inknunent should be made also to itiigister the maximum velocity at 
any time. 

OsleFs anemometer is a larger and veiy lM$autifui instrument. It fcgiaters 
at the same time on a piece of paper Attend on a drum, which turns with 
clock-work, diiection, velocity, and pressure. 

Other anemometers, Lind*s, Whewell*s, &c., need not lie described 

The avera^ velocity of wind in this country on the surface of the OMth is 
from six to eight miles per hour; its range is from xero to 60 or even 70 


ef sir if eppesad csis-fotirtti isofs by s eoaesvt inrfiice Ibsn by a cesrss oar 
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miles per hour, but this last is very rare ; it is seldom more, even in heavy 
winds, than 35 to 45 miles per hour. In the hurricanes of the Indian and 
China seas it is said to reach 100 to 110 miles per hour. 

F&rce , — The force of the wind is reckoned as equal to so many pounds 
or parts of a pound on a square foot of surface. Osier's anemometer regis- 
ters the force as well as the velocity and direction, but Robinson's (used in 
the army) only marks the velocity ; the force must then be calculated. The 
rule for the calculation of the force from the velocity is as follows : — * 

Ascertain the velocity for one hour by observing the velocity for a 
minute, and multiplying by 60 ; then square the hour velocity and multiply 
by *005. The result is the pressure in pounds or parts of a pound per square 
foot. 

V* X 005 = P. 


The subjoined table is taken from Sir Henry James's work, and Avill save 
the trouble of calculating : — 
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Velo- ll Preii. 

V do* 
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Velo- j 
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•Mile. 

lbs. per 
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Hour, j 

Square 
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j|>er 

Hour. 
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Square 
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Square 
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oz. 

j 

! 

} 
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? 

1, 
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55*226 
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55*677 
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66*332 

0-50 
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0-75 
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16*25 1 

57-008! 
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49-4971 
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25*25 

71-063 
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‘12-247 1 G-00 
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71-414 

13-00 

12-747 

6-25 
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14-00 

13-228 
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36-055 
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' 50-990 1 
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: 26*00 
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16-00 

13-693 
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36-742 

1; 13*25 
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38-078 
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1 26*75 

73-143 

1-00 

14-142 
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1-26 

16-811 
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! 54-772 
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74-833 


Tbf* v<*lnrUy esn W ciilciilAtMi tho preswiure hy tnkiug the nqnsre root of 200 times tlie 
wav, or 
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* DSSOBIFnOK OF HETEOROLOQICA^ 1N8TBUMENTS. 
TABT.ni — eontinued. 
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32*50 

Hi 
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Certain terma are in coinnion uw in the na^'y* fur cxprexHing tlie amount of 
wind : — 


0 . 

1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11. 

12 . 
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7 

•25 

Light breeze, 

. 14 

1 

Gentle „ (3 t<) 4 knot*^), 

. 21 

n 

Mmlerate breeze (5 to 6 knoi^t), . 

. 28 

4 

Fre«h breeze (rf>yal«), 

. 35 


Stormy breeze (single reef and top-gallant 


J 42 

9 

Moderate gale (floublcj n^ef, jib), . 

. 491 

I2i 

Freah gale (triple rwif, caiivoi^), . 

. 56 

16 

Stiong gale (clooe nxjfs and courne^), . 
Whole gale (eloac^rwifed main tuj)sail ami 

. 633' 

J 70 

20i 

25 

reefed foresail), .... 

Storm (storm atay'daila), 

. 77 

30| 

Hurricane (no cativaa), 

. 84| 

36 


. Tbeso tetma, however, aeem hardly to exprem the real facta. A velocity 
of 28 miles per hour is really much stronger than a six-knot hreexe ; it is a 
strong wind ; 21 miles an hour would never lie called by any one a ** g«iUe 
breeze it is a good stiff breeze, under whicti few aliips would carry roy^ 
Some tables give 10 to 15 miles an hour as a good breeze, 20 a brisk gale, 
and 30 to 39 a high wind. 


• SttH. JaiqMV“la(triietioMforMc«c<milori<alOiiMmr»,*’p. Sl«>rA]iiicwttx. 
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SECTION VIL 
CLOUDa 

The nomenclature proposed by Howard* is now universally adopted. 

There are three principal forms and four modifications. 

Pntvcipal Forms. 

Cirrus . — ^Thin filaments, which by association form a brush, or woolly 
hair, or a slender net-work. They are very high in the atmosphere, probably 
more tlian ten miles, but the exact height is unsown. It has even b^n 
tidied whether they ore composed of vrater ; if so, it must be frozen. In tliis 
climate they come from the south-west. 

Cumulus . — Hemispherical or conical heaps like mountains rising from an 
horizontal base ; cumuli an? often c<»mpared to balls of cotkm. 

Stratus . — A widely-extended, continuous, horizontal sheet, often forming at 
sunset. 


Cirro-enmulns. — Small, rounded, welkleiined masses, in close, horizontal 
arrangement ; when the sky is coverei] with such clouds it is said to l>e fleecy. 

Cirro-stratus . — Horizontal strata or mas.ses, nion* compact tlian the cirri ; at 
the zenith they seem comjH>st*d of a numljer of tliin clouds; at the horizon 
they look like a long namjw bmid. 

Cum nit hsi rat us. — ( ’irro-stmtus blended with the cumulus. 

Cumuhj-rirro-stratus ttr Haiu Clautl . — A horizontal sheet alwive whicli the 
cirrus spn*ails, while the cumulus enters it laterally or from l>elow. 

Ksiimtdion of Amanni of Cloml. — Thi.s is done by a system of nuinliers — 
1 expresses a cloudless sky, 10 a jK*rfectly clouded sky, the intermediate 
numbers various degn*e,s of cloudiness. To get these numl)er8 look midway 
Iwtweeii the horizon ami zenith, and then turn .slowly round, and judge as well 
m can bo done of the relative aiuuimt of clear and clouded sky. 


SECTION VIII. 

OZONE 

lepers coveml with a com|Kwtition of i(HUdc of [K)tassium and standi, and 
ex|HMiod to the air, an? supjh»sihI to iudieule the amount of ozone present in 
the aimoaphen^, 8chbiilH*iii, the iliscoverer of ozone, originally pn>[mred siudi 
[>a)M*m, and gave a m^ahj by which Uie depth of blue tint wius estimated. Sub- 
aequeiitly mtnilar but more sensitive pajiers weix‘ pr'^in^l by I>r Moffat, and 
laUdy Mr Lowe has improved Moffat V juvjHrs, luul has aho pnqiared some 
ozone powders. 

The (laiierB ore ex|H»»e<l for a definite time to the air, if |K>ssiblo with the 
exclusion of light, and the alteration of colour is coiujianHl with a scale, 

8cht>nbein*a pn>|H>riiOns an* — 1 jiart of purr itslitlo of jHitassiiuu, 10 ports 
Starch, and 200 porta of water. The standi shouUl dissolved in cold water, 
and filteretl so tliat a clear solution is ohtaineil ; the iodide is dissolved iu 
another |xuiion of water and is gradually addtxL 


* CUaiait i»f Isaitloii. 
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DESCRIPTION OF METEOROLOGICAL INSTRUMENTS. 


llie paper, prepared by being cut into slips (so as to dry quicker and to 
avoid loss of the powder in cutting) and soaked in distilled water, is placed in 
the mixed iodide and starch for four or five hours, then removed with a pair 
of pincers, and slowly dried in a cool dark place in a horizontal position* This 
last point is importont, as, otherwise, a large amount of the iodide drains 
down to one end of the paper, and it is not equally diffused. The papers 
when used should hang loose in a bo*V, tlio bottom of which is removed ; they 
must not touch or rub against each other or against the box if more than 
one is hanging ; they should not be touched more than can be helped with 
the fingers when they are adjusted 

When Schonbein*s papers are used they are moistened with water after ex- 
posure, but before the tint is taken. Moffat's papers are prepared somewhat 
similarly to Schonbein's, but do not require moistening with water. Mr Lowe 
has lately prepared some veiy sensitive papers which give very uniform results. 

The estimation of ozone is still in a very unsatisfactory state, and this arises 
from two circumstances. 

1. The fact that other 8u1)stance8 bosules ozone act on the iodide of potas- 
sium, especiall}’' nitrous acid, which is formed in some quantity during electrical 
storms. Cloez has shown that air taken abtnit one metre above the ground 
often contains nitrous acid in sufficient <iuantity to reddc^n litmus. Starch and 
iodide paper is coloured when air contains *0000.') of its volume of nitrous 
acid. Indeed some chemists have doubt cmI whether any pn>of has even yet 
lieen given of the presence of ozone in the atmosphert' (Frankhuul). 

2. The fact that the jiapers can scarcely put under the same conditions 
from day to day ; light, wind, humidity, and tiniiprature (by exjKdling the 
free iodine) all affect the reaction. 

3. Two chemical objections have al.no \m\n made.* Supjiosing that iodine 
is set free by ozone, a jiortiun of it in at onrre dianged by additional ozone into 
iodozone, which is extrimjely volatile at onlinary teraporatures, and is also 
changed by contact with wat<[»r into free ioiliiie and io<lic aid*!. Hence a por- 
tion of the irxline originidly .s*?t fitn? never iicts on the starch, l)eing either 
volatilized or oxidized. Again the ozone may j>os«ibly, and proljably, act on 
the starch ilscdf, and hence anotlier error. 

In spite of thes<* di^culties, it desirable to continue the ozone observa 
tions ; they must have a value, and the investigation will prhaps bring its 
own interpretation. But, at pnjsc?nt, we ought t4i l)e cautious in drawing 
conclusions from any ozonometric ex|)erinients. 

Dr Lonkester has contrive*! a sedf-registering ozonometer ; an inch of pre- 
pared paper ]>a8ses per hour by clock-work lameath an opning in the cover. 

paper, however, would have to l)e still ex loosed to air in the box, unless 
means were taken for fixing the tint. 

8E(;T1(J^' IX. 

ELECTRICITY. 

At present, the Amy Medical Defiortment has not organised any system 
of eleetrical observations. Eventually, proliably, electrical phsnomena will hp 
observed and recorded. 

The instruments used by meteorologists are simple electroscopes, with two 
gold-leaf pieces which diverge when excited, or diy galvanic pUes acting cm 
gold-leaf plates or an index attached to a Leyden jar Electronic)* 

* BeRnait Mr Dr v. Mssrii ; Archtv. fUr Wiiui. Ifdilk. Bsa*l ib p, St. 
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SECTION X. 

THERMOMETER STAND. 

A stand is issued by the War-office, and will be provided at every station. 
If it is not so, it is very easy to make a stand by two or tiiree strata of boards, 
placed about 6 inches apart, so as to form a kind of sloping roof over the 
thermometers, which are suspended on a vertical board. 

The dry and wet bulb thermometers are placed in the centre ; the maximum 
on the right side, and the minimum on the left. The wood should be cut 
away behind the bulbs of the maximum and minimum thermometers, so as 
to expose them freely to the air. The bulb^ of the dry and w'et bulbs should 
also fall ladow the Iwarcl. 

In the regular stands, the jwle is made to rotate, so as to turn the roof 
always to the sun ; but if there is any difficulty in doing this, projecting 
pieces of wood can easily lie arranged to kec*p the sun's rays from falling on 
the thermometers. 

The variation in th<* pK*valence of differrmt disease.s at a particular place, 
in connection with the simultaneous variation of meteon>logicai elements, is an 
old inquiry, which has at j>reserit led to few results. The reason of this is, 
that the meteorological elements are only a few out of a great many causes 
affecting the prevalence ami severity of diseases. Consequently, in order to 
estimate tlie real value of changes of tenq>erature, pre.ssure, humidity, ozone, 
Ac., the other causes of di.st^ase, or of variations in prevalence or intensity, 
must 1)0 itK'ogniseil ami eliminated fnmi the inquiry ; then the action 7>er tse 
of the diffenmt meteorological conditions will be apparent The subject at 
present is more littiHl for a work on the practice of medicine than for one on 
hygiene. The lw>st of the late observations are those by Kansome, Vernon. 
Moffat, Tri|K% and Scoresby-tlackson. 



CHAPTER XVI. 


CLIMATE. 

It is not easy to a projK^r detiiiitiou of cliiiiaUj. The (‘flWt of cliniato on 
the human IxHiy is the sum of the iiiHuencus which am connectiMl either with 
the soil, the air, or the wak*r of a place, and as fliesc inttuonces art* in the 
highest degree complex, it is not at present iKissihle to trace out their effects 
with any certainty. 

With regard generally to the cfftMjt of tdinmte on human life, it would 
seem certain tliat the hicilitv of ohUiiiiing hsMl (which is iUndf inltueiiced hy 
climate), rattier than any of tin* imiiiediate effects of climate*, regtitaU'S the 
location of men and the amount of {sipulatkm. The human frame seems t<» 
acquire in time a wonderful jsjwer of adiqitatitm ; tin* hilsipiimaux, when th<*y 
can obtain plenty of fissl, ait* large strong int*u (though nothing is known of 
their averagi; length of lift*), ami the dwellers in tin* )iotU*st |sirts of the urorld 
(pmvidisl there is no malaria, and that their hssi is nutritious) show a staUin* 
as lofty, and a stn*ngth as git*at, as any il Wellers in teiiqsrrak climates. 
Peculiar] tit?s of race, imltx*«l, arising no one knows how, hut pndmhly from 
the coiiihinefi iidlueiiceis of climaUs hsMi, and customs, ac ting through many 
agea, ap]M*ar to have iiiortr; effect on sUiturr*, health, niul duration of lihs than 
climate alone. Still, it would seem pnduibh* that, in climatic cNuiditions so 
diverse, there arise? some sjscial diffemnees of stniclimi which am most 
marke<l in the skin, but may jsissibly involve, other <»rgans. 

How soon the Issly, wdnm it has U^come accusUuiied )*y length of residence 
for successive generations to one climate, can accomimslak? itsidf U*, or U?ar 
the conditions of, the climak* of another widely diffenuit plac<% is a question 
which can only lie answeitsl wdieu the influenciss of climak nr<* Imlkr knowrii. 
The hypotliesis of ^^acclimatisaiioii" implies that then* is sucli an acc<miiiio. 
dation within a veiy limited tinu? ; that, for example, the dweller in nortiiem 
10110a {lasaiiig into the tropics aerquims in a few* years smite s|s'cml conaiituiton 
which relieves him from the injurious c^ins 4 S|uem?es the cliangt* ai lirst brought 
with it At present, this hyjiothesis is hming ground, and many lielieve 
that there is no such thing m adaptation of frame to climatic differotices 
which are widely ajiart 

The influences of locality and ciiniaie, as far os tlii*y anf connected with 
soil and water, have been sufficiently discusM^i. I slialt mcrelv briefly review 
the elimatic eoodiiiotis most closely (though by no means solely) conttecUxI 
with air. They are^-tempcroittie, humidity, movemcfit, weight, eom|)CNiiti0n, 
and electrical condition. The amount of light is snoilnw citmatic condition 
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SECTION L 
L TEMPERATURE* 

The amount of the sun’s rays ; the mean temperature of the air ; the 
variations in temj^erature, both periodic and non-periodic ; and the length 
of time a high or low temperature lasts, are the most important points. 
Temi)eniture alone has Ixmjii made a ground of classification of climate. 

(«.) Equable, limited, or insular climates ; with slight yearly and diurnal 
variationa 

(/a) Extreme, excessive, or continental ; t.e., with great variations. 

Tlie terms limited and extreme might be applied to the amplitude of the 
yearly fluctuation (/.<?., dilTerence between hottest and coldest month, see 
M etboroi/kjy), while equable aiul excessive might be? applied especially to the 
non-i>eriodic variation.s, whierh an* slight in srjme j»laces, and extreme in others. 

A limited climate Is g<?nendly an e<juable one, and an extreme climate 
(with j^at yearly fluctuation) is generally an excessive one (with great 
undulations). 

The etfwts of heat cannot Ih? tli.s.sooiaU*d with the other conditions ; it is 
necessaiy', however, to hriefly mdice them. 

llic* efl<*ct of a certain degrin* tif t<*m|X'mture on the vital processes of a race 
dwelling generation after generation on the s^iuu* sjKd, is a question which has 
yet nnxdved no sort of answer. l)o<*s tin* amount of heat jun* indepndent 
of food and all other coiulititms, affect the development of mechanical force and 
tomjH'niture, and the coincident vari<ms prt»ce8Si*s of fonnation and destruction 
i»f the tissues? Is then* a <iiffen*nce in these r(»s|>ects, and in the resulting 
action of the eliminating organs, in tin* inliahitants (*f the equator and of 50" 
or C»0^ N. lat. ? This is entin*lv a pn»hleni for the future, but there is no class 
of men who have m<»n* opjHirluuities of studying it than the army surgeons. 

Tile problem of the intluenee (»f t<'mjH*ratiiiv is generally jiresented to us 
uiuler the fonnof a dweller in a tem)H*rate zone ]>ro<?eeding to countries either 
colder or hotter than his own. It is in this restricU^l sense I shall now con- 
sider it. 

Witli n'ganl U> the elh‘i'1 on the Anglor»Saxon and Celtic races of going to 
live ill a oliiiinle with a h»w'er mean lemjK*ratun* and greater variations tlian 
their own, we have the ex]H»ri<*nee of Canada, Nova 8<otia, and some |iarts of 
the Northern Ameri«‘an States, In all these, if fiKsl is gocnl and plentiful, 
health is iu»l only sustaiiKMl, hut is, |KThaj»s, impn»vt\l. The agricultural and 
outdoor life of Canada or Nova S(*olia is pndMibly the cause of this; but 
certain it is that in those countries the Eunqiean not only enjoys health, but 
prcidtic<?s a progi»ny as vigonuis, if not moit* so, than that of the [larent race. 

Tile effects of heat excetnling the t4*iiHK'rate staiidanl must Ik* distinguishcnl 
according to its origin ; radiant hmt, or the <liit*t:t rays of the sun, and non- 
mdiant heat, or that of the aUimsphare. In the latter case, in addition 
to heat, ilien> is moic or Ivm rmt'faetion of the air, and also coincident 
comUtious of humidity and movement of the air, which must be taken into 
account. Tlic iiiflueticts again, of sutideii tnuisitiiuis fnun heat to cold, or the 
revcTse, have^to be consider^ Tlie Eunqx^ans from temjierate climates 
flourish, apparently, in countries not much hotter than their own, m in some 
parts of Australia, New Zealand, and New ('aliHlonia, though it is yet too 
soon to s]iecuhite whether the vigour of the race will improve or otherwise. 


* For iMWie i^snisittiuy faets <m tetaptmlurp Wi;t«oiiouhiy. 
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But there h a general impression that they do not flourish in countries much 
hotter^ ie., a yearly mean of 20® Fahr. higher, as in many parts of Indian 
that the race dwindles, and flhally dies out ; and, therefore, that no acclimatisar 
tion of race occurs. And certainly it would appear that, in India and in the 
West Indies, sickness and mortality increase with length of i^iden^, and 
there is some evidence to show that the pure race, if not intermixed with the 
native, does not reach heyond the third generation. Yet it seems only right to 
say that so many circumstances besides heat and the other elements of climate 
liave been acting on the English race in India, that any conclusion opposed to 
acclimatisation must be considered as bostKi on scanty (?vidence. We have not 
gauged on a laige scale the effect of climate purt» and simjde, uncomplicated 
with malaria, bad diet, and other influences adverse to health and longevity. 

(a.) Influence of the Direct Rays of the Sun . — It is not yet known to what 
temperature the direct rays of the tropical sun can rsiiw any object on which 
they fall. In India, on the ground, the uncovered thennometer will mark 
160®, and perha{)s 212® (Buist) ; and in this country, if the movement of air 
is stopped in a 'small space, the heat in the direct suns niy.s can Ik* raised to 
the same |K>int. In a hermetically sealed box, with a glas?; top, *Sir II. Jam»*s 
found the thermometer mark 237® Fahr., when exposed to the rays of the 
sun, on the 14th July 1864. In experiments on frogs, when a tenii>eraturc< 
much over the natural amount is applied to nerves, the eh^ctrical ciimmts 
through them are leadened, arul at last .stop.* K H. Wels^rV observations 
show that for men the same nile hoMs gfxiil ; the uirwt favotimble t4*m|K>ni> 
ture is 30® R Fahr.).t It apj>ears also frf»m KUliiies ex{K»ritnenis 

that the heat of the M<xhI of the vertebnita must not exeisMl 1 13^ Fahr., for at 
that temp<*fatiin? one of the nlbuminou.s IwHlies in mus<‘h»s n«igiilat<*s. (Lud- 
wig, l/Iirb, dee Phye^ liand ii. [>. 732). IVrh{i|«s this fuel may lie* coiinecte<l 
with the pathological imlicatit>n that a very high U*inp«‘mt!m* in any cUsc^ase 
(over 110® Fahr.) indicates the extn*mest danger. 

To what ternjKTatiire is the skin of the head an<l m*rk miscsl in the tmpica 
in the sun’s niyj* f No suflicient experiments have, I Ixdieve, Immui made, 
either on this |K>irit «>r on the h^it in the iiiteri(»r c»f cap ami lists w'iih and 


without ventilation. 1 doubtless, without ventilation, the heat alsive the head 
in the interior of a cap is veiy' great. It is cjuite pissible, as usually assume!, 
that with liad head-iJrcam^s the Inrat of the skin, Isjm^, and possibly even of 
the dfsffp nerves and cenlrf^s (the brain and coni), may lie gn^ter than is 
accordant with p^rfeert presentation of the cum»nts of the nenMss, or <»f the 
necessary lempTatun^ of the blood, or with the propjr fluidity of some of the 
albuminous bodies in the muscles. 

The difficulty of estimating the exact eflc<ct of the solar mys is not only 
caused by the absence of a sufficient number of expriments, but by the com^ 
mon presence of other conditions such us a hot, randiiKl, and pwhap impure 
air, and heal of the Ixxly produced by exercim*, whieh is not attendcMl by 
perspiratioiL Two jioints are nmiarkable in the histoiy of sun-stroke, viiL, 
the extreme rarity of sun-stroke in mid-ficc^an^ and at great elevations. In 
both oases tbs eflset of the sun*s rays, per ir, is not less, is even greater than 
on land and at seadevel ; yet in both sun-stroke is uncommon ; the temper 
ature of the mr, however, is never excessive in cither case, 

The eflect of the direct rays on the skin is another matter requiring inves- 
tigation. Does it aid or check perspiration 7 Iliat the skin gets diy there is 


• EeklisrdL Zidtseli. Bsist x., p. KM. im. 
t WfKer^Udwis'i Pltya. 2d ed., vel. i. p 126. 

t Tle^€mmei hmk^^ki^namm m like tbt IM S«s do aot iavalidste tide 
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no doubt, but ibis may be merely from rapid evaporation. But if the nervous 
cvyrrente are interfered with, the vessels and the amount of secretion are sure 
to be affected, and on the whole it ^ms probable that a physiological effect 
adverse to perspiration is produced by the direct rays of the sun. If so, and if 
this is carried to a certain point, the heat of the body must rise, and supposing 
the same conditions to continue (intense radiant heat and want of perspiration), 
may jhws beyond the limit of the temperature of possible life (113® Fahn). 

The effect of intense radiant heat on the respiration and heart is another 
point of great moment which needs investigation. 

The pathological effects produced by the too intense direct rays of the sim 
are supposed to l)e one form of insolation. 

A form of fever (the Cawms of some writers) has Ixjen supjxjsed to be caused 
by the direct rays of the sun combined wdth excessive exertion. I have seen 
a case of this kind which corresjiondcd closely to the description in books. 
Ube fever lasted for several days, and its typ<? was not in accordance with the 
hypothesis that it was malarious fijver, or febricula, or typhoid. Xo ther- 
mometric obsen^tions were made on the [mtient. 

(b,) Heat in Shade . — The effect of high air temjHjrature on the native of a 
tem{x»rate climate [)assitig into the tropics has not >)i*cn very well determined, 
and s<juie of the conclusions are <lrawn from i xjHiriineiits on animals exposed 
to an artihcial tern jx»ntt are. 

1. The tem{K*mturc^ of the IkmIv d(»es not rise greatly — not more than *5 or 
I® Fahr. (John Davy) ; from T to and 3’’ (Kydaux and Brown Sequard). 
The temjK’rature of the ImkIv is the n»sult of the opjMising action of two factors 
— lx/, of d<*velopnient of heat fn»m the chemic.'il changes of the food, and by 
the conversion of mectlianical fonre into heat, or by (lin*ct al>soq>tion from 
without ; and 2d, and op|K>WMi to this, of eva))oration fr<*m the surface of the 
iKKly, whuth regulates internal heat. So IxMUitifully is this balance preserved 
that the stability of the animal lemjK^ratun* in all countries has always been 
a subjt»ct <»f marvel. If anything, however, prevents this eva|K)ration, radia- 
tion and the c(x»ling effect of moving w*ind cannot cool the ImkIv sufficiently 
ill the tropics. Then, no doubt, the tenq»eratun» of the brxly rises, and the 
extreme <lisciimfori always attending abnormal heat of body commences. 
Thermometrie observations in the trojiies on this |Hnnt are much needed. 
In exficrimeuU in ovens, Blagden and Foniyce Ixnt* a temperature of 260® 
with a small rise* of b»mjx»raturf* (2i® Fahr.), hut the air was dry, aud the heat 
of their iKslies was rediUMnl liy jH*rspimtion ; when the air in ovens is very 
moist and eva{>onition is hindt'itnl, the teiiiiH*nitim‘ of tlie body rises rapidly.* 

2. The respirations are lessf*ned in numlM*r (Ludwig) in animals subjected 
to heat, ami the same is IsdievtKl to hold giMxl in the tropics. If so, less car- 
bonic acid and piosuinably Umw water an» eliininat<Kl 

3. T^je heart s action is somewhat increased in friHiuency, }x?rhaj>s not in 
force, in new comers, in tropical climates. 

4. The digestive powers art* somevrhat lesstmetl, there is less appetite, less 
desire for animal fcKsl, and more wish for chhiI fruits. Tlie cpiantity of bile 
secreted by the liver is not increasiHl, if the slot)ls are to Ik* taken as a 
(Marshall, in 1819, John Davy, MuitJieail, author), though biwson believes 
that an excess of colouring iiiatU«r pa«s«?s out with the stools ; nothing is known 
of the condition of the usual liver work. 

6. The skin acts much more than usual, and great hu’al hytxjnemia and 
swelling of the papithe occur in new comers, giving rise to the familiar «rup- 
tioii known as “ prickly heat” In prr>cess of time, if exposed to great heat. 


• Rv«a r to a* Pshr. Ludwig, « Uhrb d«r Phy*.,** 9d edit. b. ii. p. m. 
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the akin sofPers apparently in its stracture, becoming of a slight yellowish 
oolonr from, probably, pigmentary deposits in the deep layers of the cuticle.* 

6* The urine is lessenSl in quantity. The urea is lessened, as shown by 
experiments in hot seasons at home and ‘during voyages (Dr Forbes Watson 
and Dr Becher).* It is not yet certain whether tliis is simply from lessened 
food. The pi^ent has been supjKJsed to be increased (Lawson), but this is 
doubtftii The chloride of sodium is lessened ; the amount of uric and phos- 
phoric acids is uncertain. 

7. The effect on the nen'ous ^stem is generally considered as depressing 
and exhausting, is., there is less general vigour of mind and lx>dy. But it is 
undoubted that the greatest exertions both of mind and Ixnly have been made 
by Europeans in hot climates. Robert Jackson thought as much work could 
be got out of men in hot as in temperate climates. It is probable that the 
depressing effects of heat ore most felt when it is combined ■with great humidity 
of the atmosphere, so that ovajioration from the skin, and coiisc^ipient lessening 
of bodily heat, is j^rtly or lotolly arrested. 

Tlie most exhausting effects of heat are felt when the heat is cx>ntmuous, 
#>., veiy great, day and night, and csjieciially on sandy plains when* the air is 
highly rarefied day and night. Tlien^ is then really a lesscmed cpiantity of 
oxygen in a given cubic si>ace.t Add to this fact that the respirations ' are 
lessened, and we have two findors at work wliich must diminish the ingress of 
oyygen, and thereby lesson one of the groat agents (»f metamorjihosis. 

On the whole, even when sufHciont |H»rspirntion koef>sthe knly temperature 
within the limits of lualth, the effwt of groat lieat in shade scxmis to lie, as far 
.as we can judges, a depressing influence losHsiming the nervous activity, the great 
functions of digestion, n»spinition, sanguification, and din*ctly or imlirectly 
the fonnation and destniction of tissues. Whether this is the heat alone, or 
heat and lessened iixyg^m, and gnat humi<litv, is not certain. 

So liad have Isn^n the g»*nonil aiul |iersoiml hygienic ctmditions of Europeans 
in India, that it is im|>ossihle to say what amount of the great mortality in 
that coiintiy is duo to excess of heat over the toinjK'nitim* of Euro|>e. Nor 
is it possible to determine the influence of h<^t alono on the endemic diseases of 
Eurofieans in the troj»ics — liver dis«<as** and dys<*ntorv. There is, jierhaps, 
after all, little imrm^liate connection lietwe#'n heat ami liver dim^ase. 

Rapid of are , — Tlie exact physhdogical efft*ct« have not 

yet Vieen traced out ; ami these sudden vicissitudes are ofleii met by altered 


• These experbncmtii are not yet fully publuthetl ; they were made duriag eoya(^ to Bombay 
and China, and abow that when llie temperature reached a certain point (7o* in Dr Bechcru 
expefimenta), the aoUda of the unite and the urea kaHened oonaiderably. ’^/^roceedinffi 0/ the 
Jt0yai Sodetjf, 

f A cubic foot of dry air at 92:^ weighs .560*8.*) graiiui, and if the proportion of nitrogen and 
oxygen be asauined to he by weight 77 and 23 }jf*r cent., and the alight amount of emrbonk add 
he negkded, there will be in a cubic foot - * 

436*475 gmina of nitrogen. 

136*875 „ oxygen. 

566*8.50 

Aa a man draws, on an sver^ when tranquil. 16*6 cubic feet per hour into hia lungi, be wtlt 
tbna raceive x 16*6ssjno4*2 gratna of oxygen ner hour. 

At a temperalufe of 30* the foot of air weigha 516*88 graina, and i« ma<le op by weight of- 
337*61 graina of nitrogen. 

1137 7 „ oxygen. 


e, in an hotir If a man witbdnwa 16*6 cubic feet, be will receive 413*77 x ]6*6wl011^ 

mina of oxygen per boor. Or, iiioiber worda, in an hour he would receive 132*6 grahMi of oxygen 
kaa with the bigner temperattira, in amount equal U» alxmt 3 per cent of the atmcnnii eiii^iiid 
•I the lower lenipentlnra. 

If aaturatMi with molatitf^ a enbk loot of air will conuln 130 graina of oxygen at 31*, and 
m gmina at 100*. 
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dothingi orotli«r meaiisof vaxymgthetempezatiireofthebody. The neatest 
influence of great changes of temperature, appear to be exerted when the state 
of the body in some way coincides with or favours their action. Thus the 
sudden checking of the profuse perspiration by a cold wind, produces catarrhs, 
inflammations, and neumlgia. I have been astonished, however, to find how 
well even phthisical persons will bear great changes of temperature, if they 
are not exposed to moving currents of air ; and there can be little doubt that 
the wonderful balance of the system is soon readjusted. 


SECTION IL 
HUMIDITY. 

According to their degree of humidity, climates are divided into moist and 
dry. As the chief effect of moist air is exerted on the evaporation from the 
skin and lungs, the degree of dryness or moisture of an atmosphere should, 
be expressed ip terms of the relative (and not the absolute) humidity, and 
should always be taken in connection witli the temperature, movement, and 
density of the air, if this latter varies much from sea-level. The evaporating 
power of an atmosphere which contains 75 per cent, of saturation of vapour is 
very different, according as the temperature of the air is 40° or 80°. As the 
temperature rises, the evaporative power increases (pster than the rise in the 
thermometer. 

There is a general opinion that an atmosphere which permits free, without 
excessive, evaporation is the best ; but there are few precise experiments. 

The most agreeable amount of humidity to most healthy people is when 
the relative humidity is between 70 to 80 per cent In chronic lung diseases, 
however, a very moist air is generally most agreeable, and allays cough. The eva- 
poration from the lungs pri^uced by a diy^ atmosphere appears to irritate them. 

The moist hot siroccos, which are almost saturated with water, are felt as op- 
pressive by man and l>east ; and this can liardly be from any other cause than 
the check to evaporation, and the consequent rise in the temperature of the body. 

It is not yet known what rate of evaporation is the most healthy. Excessive 
evaporation, such as may be j>r(Kluced by a dry sirocco, is well borne by some 
persons, but not by all Prol)ably, in some cases, the physiological factor of 
perspiration comes into play, and the nerves and vessels of the sim ate altered ; 
and in this way perspiration is checked. "We can hardly account, in any other 
way, for the fact, that in some jwrsons, the dry sirocco, or dry, hot land wind 
produces liarshness and dr^mess of the skin, and general malaise, which possibly 
(though there is yet no thermometric proof) may be caused by a rise of tem- 
perature of the b^y. 

The pathological effects of humidity are intimately connected with the 
temperature. Warmth and great humidity are borne, on the whole, more easily 
than cold and great humidity. Yet, in 1^th cases, so wonderful is the power 
of adaptation of the body, that often no hmrm results. 

The spread of certain diseases is Buppk)8ed to be intimately related to 
humidity of the air. Malarious diseases, it is said, never attain their fullest 
epidemic spread unless the humidity approaches saturation. Plague and 
smallpox are both checked by a very dry atmosphere. The cessation of 
bubo plague in Upper T^ypt, after St John’s Day, has been considered to be 
more owing to dr^ess than to the heat of the air. 

In the £y Harmattan wind, on the west coast of Africa, smallj^x canmit 
be inoculated ; and it is well-known with what difficulty oowpox is kept up 

2d 
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in T6qr 4ty aeaaoxis in India. Yellow fever, on the other hand, eeema inde- 
pendent of moistoxe, or will at an j late prevail in a dry air. The oboerva- 
tions at Lisbon, which Lyons has recordec^ show no relation to the dew-point 
With regard to other diseases, and especially to diseases of sanguification 
and nutrition, observations are much needed. 


SECTION III. 

III.^MOVEMENT OF AIR. 

This is a very important climatic condition. The effect on the body is two- 
fold. A cold wind abstracts heat, and in proportion to its velocity ; a hot wind 
carries away little heat by direct abstraction, but, if diy, increases evaporation, 
and in that way ‘may in part counteract its own heating power. Ifeth, nro- 
bably, act on the structure of the nerves of the skin, and on the contractility 
of the cutaneous vessels ; and may thus influence other organs. 

The amount of the cooling effect of moving bodies of air is not easy to de- 
termine, as it depends on three factors, viz., the velocity of movement, the 
temperature, and the humidity of the air. The effect of movement is very 
gmt In a still atmosphere, an extremely low temperature is borne without 
difficulty. In the arctic expeditions, still air many degrees below zero of 
Fahr. caused no discomfort But any movement of such cold air at once 
chills the frame. It has been asserted, that some of the hot and very diy 
desert winds will, in spite of their wannth, chill the body ; and if so, it can 
scarcely be from any other reason than the enormous evaporation they cause 
from the skin. It is very desirable, however, that this observation should be 
repeated, with careful thermometrical observations on the body and surface.* 


SECTION IV. 

WEIGHT OP THE AIR 

1 shall not here enter into the question, whether the slight changes in the 
pressure of the atmosphere, which occur at any one spot, have any effect on 
health, or any influence on disease. 

Effects of CcffUfiderable Issaming of Premire, 

When the difference of pressure between two places is considerable, a 
marked effect is pi^uced, and there seems no doubt that the influence of 
mountain locahties is destined to be of great importance in therapeutics. It is 
of paitictilar interest to the army surgeon, as so many regiments in the tropics 
are, or will ^ quartered at considerable elevationa 
In ascenduig mountains there is rarefaction, i.e., lessened pressure of atr (on 
an average, if the weight of the air at sea-level is 1 51b on every square foot, 
an ascmit of $00 feet takea off |lb ; but this varies with height (see Msasme- 
mmit of Heig^ti), lowered tempmture, and lessened moisture above 4000 
feii; pNiler movmnent exf the air; increased amount of iq^t; greater aun 
ladiatKm, if douda are absent Ibe air is freer from germs of infttaoria. 
Owing to tha laiafeetion of the air and watery vapour there ia greater diathm^ 
manty of the air ; the eoH fe mpidly heated, but radiates alao 
great eooli^ the ground and the air cloee to it at nig^i 
Hie leeaim jdiyeiolqgieal clfeets of leisened pr ess u ie b^gin to ba paroep- 
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tible at 2800 or 8000 feet of altitude ( » descent of 2^ to 3 inches of mercury) ; 
they axe quickened pulse^ (15 to 20 beats per minute) ; quickened respiration 
(increase « 10 to 15 respirations per minute), increased evaporation from skin 
and lungs ; lessened urinary water.f At groat heights there is increased pres- 
sure of tike gases in the body against the containing parts ; swelling of super- 
ficial vessels, and occasionally bleeding from the nose or lungs. A sensation 
of weight is felt in the limbs from the lessened pressure on the joints. At alti- 
tudes under 6000 or 7000 feet the effect of mountain air (which is, perhaps, 
not owing solely to lessened pressure, but also, possibly, to increas^ light 
and ple^urable excitement of the senses) is a very marked improvement in 
digestion, sanguification, and in nervous and muscular vigour4 It is inferred 
that tissue change is accelerated, but nothing definite is known. 

The rapid evaporation at elevated positions is certainly a most important 
element of mountain hygiene. At Puebla and at Mexico the hygrometer of 
Saussure will often mark 37^, which is equal to only 45 per cent of saturar 
tion (Jourdanet, “Du Mexique,” p. 49), and yet the lower rooms of the 
houses are very humid, so that, in the town of Mexico, there are really two 
climates,— one very moist, in the rez-de-chauss^e of the houses ; one very dry, 
in the upper rooms and the outside air. 

The diminution of oxygen, in a certain cubic space, is precisely as the 
pressure, and can bo calculated for any height, if the barometer is noted. 
Taking dry air only, a cubic foot of air at 30 inches, and at 32® Fahr., con- 
tains 130*4 grains of oxygim. An ascent (about 5000 feet) which reduces the 


barometer to 25 inches will lessen this 


/25 X 130*4 \iaqc 
J th, or f — = J 108-6 grams. 


But it is supposed that the increased number of respirations compensate, or 
more so, for this, and, in addition, it must be rememl)ered that in experiments 
on animals, as long as the pen^entage of oxygen did not sink below a certain 
point (14 per cent.), as much was absorbed into the blood as when the 
oxygen was in normal proportion. Jourdanet has indeed asserted (“ Du 
Mexu|ue,** p. 76), that the usual notion that the respirations are augmented 
in number in the inhabitants of high lands is “ completely erroneous that the 
respirations are in |)art le.ssened, and from time to time a deeper respiration is 
voluntarily made as a partial compensation. But Coindet, from 1500 obser- 
vations on French and Mexicans, does not confirm this ; the mean number 
of reepirations was 19*36 ^>er minute for the French, and 20*297 for the 
Mexicans.§ 


• Balloon aseenU . — Bfot and Gay Lunsac at 9,000 fwt = increase of 18 to 30 beats of the pulse. 

Glaisher . at 17,000 „ =. ,, 10 to 24 „ 

„ 24,000 „ = „ 24 to 81 

Tbe beats seem to augment in number with the elevation. These are safer numbers than ih^ 
obtained in mountain ascents, as there is no physical exertion. In mountain climbing the in- 
crease is much greater. 

t Vi\*enot, Vircliow*s Archiv. 1860, band 19, p, 492. This is probable, but not yet proved. 

t Hermann Weber, ** Climate of the Swiss Alps,** 1864, p. 17. 

I The statements of M. Jourdanet (‘*Du Mexique an fwint de Vue dc son influence surle 
vie de THomme,** Paris 1861) are so adverse to g^^hrml opinion, that it is to be hoped the sub- 
ject will be soon thoroughly investigated. Jourdanet asserts that elevation lessens the **reefi- 
ratory endoemoeia that eatUe imported into the mountains of Mexico suifer ; horsey for 
example, breathe with difficulty, run badly, are often ill, have rheumatism, and often die of 
pleonsy. ** As to man, the momfloations he suffers, at first less visible, become wi^ time stOl 
more evident, and while strangeni accUroatixe easily at eea-lcvel in countries wMch are not 
malarious, and reach, in good health, an advanced age ; those who live on the idtitute are more 
feeble and sickly, and seldom reaidi m natural term of human existence’* (p. 79). u etM- 
bnted both to leesened preseure and lessened watery vapour, and a kind ofaiuemia is niA to be 
veiyeeinmon in the city of Mexico and at Puebla. As this assertion is quite wntimy to the eMsri- 
enee of the Swiss Alums regions, it Ims besn examined by Coindet in Mexi^, m to dedtoied to 
be inoorrect Jonraanet states mt the droulation to alwaye increased, and in tbe dtopioporUoa 
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Joaxdanei {loe. eU. p. 291), asserts that the ‘^resimtofy aliments** axe 
hadly digested; that butter remains in the stomach ; that starch and aunr 
lender the mouth and tongue coated and destroy appetite ; that alcohol 
remains a long time in the circulation. Whether were is any truth in this 
remains to be seen. It accords with M. Jourdanet’s imraobable hypothesis of 
the condition of iespiiation ; and this perhaps renders the statement doubtftiL 

As a curatiye agent, mountain air (that is, the consequences of lessened 
pressure dbiefly) ranks very high in all anaemic aflections firom whateyer 
cause (malaria, hsemoirhage, digestive feebleness, even lead and mercury 
poisoni^), and it would appear, firom Hermann Weber's observations, that 
the existence of valvular heart disease is, if proper rules are observed, no 
contra>indication against the lower elevations (2000 to 3000 feet). Neuralgia, 
gout, and rheumatism are all benefited by high Alpine positions (H. Weber). 
Scrofula and consumption have been long known to be rare among the 
dwellers on high lands, and the curative effect on these diseases of such 
places is also marked ; but it is possible that the open air life which is led has 
ah inffnence, as it is now known that great elevation is not necessaiy for the 
cure of phthisis.* 

Dr Hermann Weber, in his important work on the Swiss Alps, thus sums 
up the present evidence : — 

** Tubexcular phthisis occurs not rarely in the lower mountainous or sub- 
Alpine region, but in the true Alpine region it seems to be almost absent 
Thus it is of very rare occurrence among the priests on the Great St Bernard ; 
and Dr Briigger has scarcely ever obsen'ed it amongst those inhabitants of 
the Upper Engadin who have not resided in otlicr countries ; and has further 
found that this disease is generally cured, in natives of the Engadin, when 
they return to their mountains, before it has ma<le great progress. Dr Albert 
of Biian 9 on, in the Daup)iin<f (4283 feet alM>ve the s<»a-levcl), bears, according 
to Lombard (loc. cti. p. 93), the same testimony. Tliese ol)servations are quite 
in harmony with what we know of the occurrence of tubercular phthisis in 
other mountainous countries. Thus patients aff(*cted with phthisis at Lima 
axe sent on the adjacent mountains of Peru, where phtliisis is scarcely known 
at an elevation of about 8000 feet. It is described as very rate at Mexico 
(7000 feet) and Quito (8700 feet), and still more so in higher elevations. The 
devation beyond which phthisis becomes rare, or is absent, seems to vaiy 
conaidembly in different latitudes, and to become lower as we proceed towards 
the poles. In the tropical zone it may be regarded as becoming rare above 
7000 feet ; in the warmer temperate zone, above 3500 to 5000 feet ; in the 
colder temperate zone, above 1 300 to 3000 feet elevation. In Switzerland, 
between 46* and 48° N. lat, the frequency of its occurrence diminishes above 
SOOO feet; in the Black Forest, between 47* and 49* N. lat, above 2500 ; 
in the mountains of Thtiringen and Silesia, and in the Harz, between 50* and 
and 52* N. lat, above 1200 to 1400 feet. Fuchs (** Medicinislia Geo|pm^ie,** 
1853, p. 35), states that at Broiterode (1840 feet), in the mountains of Aiir- 


iMlWiiatiieditalstloasiidi^ lie tmcee the origin of llioee **4eiMmnis«ium 

nmls,'* wfeAeii be bdlena to be the ooneeanenoe of reeiilence on tbt heigbti of Mexico (SPOO to 
7000 IMt Atboioartexaittbistlottof ell tbeee points oonki be made mom tbomgbly bf tbe 
snnyettiVeonioalbelfMlbui bill etotioM than tyany body of men in tba wofH sad II la to 
be hoped tbe taqaliy will eooa be afi t e i iia t ica H y enured npon. At pmient <leoi«linel*a 
meali am, ca tha whole, aradb doubled. 

' acme time mm a mma i kebie jmtr wee pnblisbed by Dr Jamei ISalMorcailllbraiaoa tbe 
teeBiorpiiaSMirFi^ He adopted ibepliB of aiablaabli 

pallentsllmnitibi open air; fa tbeinnniiiiriBOiitbs beinadeibamidaipoiilwftboalaayMl; 
tbe mi«H wm aa ailoaisblaf tnipmeenaHl in digeMion aad iMinUkatta 
meMMaaSmMeciMaadwetamdaaoHbidasiiiat^ AsDrElalleiKW«illca(lwatobepe^ 

Mty tiwMwcttby, tee etataaMali am woftby of att inasl^^ 
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iogen, the peroenta^ of deaths from phthisis is only 0*9. Brehmer assures 
us that in the neighCK>urhood of Gdrbeisdorf, in Silesia (1700 feet), tubercular 
phthisis has never been seen by him amongst the inhabitants — Die Chro- 
nische Lungen-schwindsucht,” Berlin, 1857, p. 134)-~an observation which 
Dr H. Bei^, who has for several years resided at Reinerz (1700 feet abdve 
the level of the sea, and very near to Gorbersdorf), has, in a personal com- 
munication to me, to a great degree confirmed.” (Weber, op, dt, p. 22.) 

Although on the Alps phthisis is thus arrested in strangers, in many places 
the Swiss women on the lower heights suffer greatly from it ; the cause is a 
social one ; the women employed in making embroidery congregate all day in 
small, ill-ventilated, low rooms, where they are often obliged to be in a con- 
strained position ; their food is poor in quality. Scrofula is very common. The 
men, who live an open air life, are exempt ; merefore, in the very place where 
strangers are getting well of phthisis the natives die from it ; another instance 
that we must look to local conditions and social liabits for the great cause of 
phthisis. It would even seem probable that, after all, it is not indeed eleva- 
tion and rarefaction of air, but simply plenty of fresh air and exercise, which 
cures phthisis. 

Jourdanet, who differs from so much that is commonly accepted on this 
point, gives additional evidence on this pomt. At Vera Cruz phthisis is 
common ; at Puebla and on the Mexican heights, it is almost absent (k 
peu pris nulle). The fact seems certain, whatever may be the fate of Jour- 
danet*8 explanation of it. 

The dishes for which mountain air is least useful are — rheumatism ; at the 
lower elevations where the air is moist ; above this, rheumatism is improved ; 
chronic inflammatory affections of the respiratory organs (?) The “ moimtain 
asthma” appears, however, from Weber's obser\*ations, to no specific disease, 
but to be common pulmonary emphysema following chronic bronchitis. 

It seems likely that pneumonia, pleurisy, and acute bronchitis are more 
common in higher alpine regions than lower dowm.* 


* As M. Jounlanet's experience in Mexico has Wn great, an<i as no other work with which 
1 ain acquainted professes to ^ive so conii>lete a summary of a mountain climate, 1 have thought 
it deairahle to give some of his conclusions {loc. dt.^ p. 389), as particularly interesting in con- 
nection with hill life in India ; but, of course, several of them are very doubtful, and are only 
uaeful aa leading to further inquiry. Already one or two of his assertions have been denied. 

“In Mexico, at 2270 metres <7445 feet), the mean tenqierature of the year is 17* Cent. 
(02* 6 Pabr). At this height, the rarity of the air renders the inhabitants bloodless. They are 
weak, generally apathetic, gentle, generous, and amiable. Under the influence of this rarefao- 
Uon of the air, human life is shorter than it is at the level of the sea ; so that in this strange 
country it is not the localities esteemeil most unhealthy which influence most fatally the life of 
man. At the greatest elevations of the CordillerB.s of Mexico, typhoid affections are very 
common. They coincide e«|iocially with the great rarefaction of the air and the extreme dry- 
neas at the period of the heat of spring, and there is no need of nnwholesome emanations to 
develope them. Acnte inflammations are rare in these altitudes ; their duration induces the 
passage to the adynamic state, and chronicity is not common in diseases of that type— so that 
we ftna an analogy in this respect with wlat goes on in manhy countries at the level of the sea. 
Bnropeaiui on these heights die most frequently of pneumonia and typhus. Diseases of the 
heart are frequent, and their course rapid in countries which exceed 2000 metres (65fl0 feet). 
CongesUona are generally very common on great elevations. These congestions may continue 
long withoni aiwmiiiing an inflainmalo^ type. The liver, the uterus, ami the Iman are^e 
otgaiis most tuiyeot to congestion. Tbees congestions have their origin in the 
oxygenation of tne blood. Abscess of the Urer is often met with at an altitude above 20w 
mefrei (66fl0 fe(»t). Marsh poisoning is easy and terrible on the coasts of the Gulf ; it is atul 
powerful at 1000 metres (tilM feet) ; Iwyond this point, it diminishes progressively, ei^ et 
Meidoo, over ^70 metres (74^ feet), it is very Alght. Black vomit never shim itself at 
1000 metm (8280 fret) hif^, but the germ acquired at the coast may develop itself on Um 
iM^tflof the CoMiUeias a few days elUr the arrival of the traveUere. o^of bliMk 

vomit are gmielly fatel* The choleia xegea on them altitudes as at the level of the eee* 
KemoiSiand neunugiai are very common on the greet h^ts of the Ooidillena. Functional 
dfrovdenof the stomeifr ere often oheerWl there. Vertigo tekea a special oharecter, essuniing 
ofrni an acute hut apyreUefonn. X have designatid this vertigo as cdrthro-antoioo-vevtigins^ 
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^ ^Bof inereoiod /Vewitre.— The effects of inczessed pressure have been 
noticed in persons working in diving-bellsi or in those submitted to 
treatment bj compressed air. (At Lyons especially.) When the pressure is 
increased to ftom 31 to 33 inches of mercuiy^ the pulse becomes slower, 
though this varies in individual cases ; the mean lessening is 10 beats per 
minute ; the respirations are slightly lessened (1 per minute) ; evaporation 
from the skin and lungs is said to be lessened ; there is some recession of blood 
from the peripheral parts ; there is a little ringing in the ears ; hearing is 
more acute ; the urine is increased in quantity ; appetite is increased ; it is 
said men will work more vigorously. When Ihe pressure is much greater 
(two to three atmospheres) the effects are sometimes very marked ; great lower- 
ing of the pulse, heaviness, headache, and sometimes, it is said, deafness. 

As a curative agent in phthisiS, the evidence is unfavourable. 


SECTION V. 

COMPOSITION OF THE AIR. 

The proportionate amounts of oxygen and nitrogen remains veiy constant 
in all countries, and the range of variation is not great. 

So also, apart from the liabitations of men, the amount of carbonic acid is (at 
elevations occupied by men) constant, llie variations in watery vapour have 
been already noticed. 

The only alterations in the com]H>sition of the air which come under the 
head of climate, are chaiigi^s in the state in which oxygen exists (for no 
change is known to occur in iiitnigen), and tlio i»resence of impurities. 


Tlie dimiontion of AtincMrpbenic pnenturv and drnatty of air being the occaaion of a Icaaati' 
lag of a reapintory aliment (oxygen), phthiftii ia nioo} uncommon on thfiae altitudea tiian 
at tlw le?d of tlie aea. Tulierruiixation, though very mmmon, and alwaya acuta on the coast, 
diininiihca as we ascend the Cordilleras, in the same proportion as the density of the air, and 
becomea very rare as we rise above 2UieO metres (6501) feet). At ibis elevation, pbthtsis rarely 
attacks pemoas who follow good hygienic rules. Foreigners are hardly ever attacked with this 
disesse. Cum of phthisis from Europe often recover here, la Mesico, phthisis is la relation to 
the amount of oxygen inhaled. On the coast, the activity of nightly respirations exceeds physio- 
logica] needi. aSo jdithiaii there is frequent, and acute in t^lam where the soil is dry. Vipers 
theaoQ it damp, the Biaisby miasmata are combmed with oxygen in the bronchial tubus, whanos 
rasttlta a leased reapiratofy aliment (oxygen) ; and it is on this account that phthisis is so rarely 
•ncn. What 1 have iust said leads me to trace an aiialoc^ between the action of marshy eountriaa 
and the inlliieaoe of h^ lands on tuberculous phthisis. Every substance, and even' tnflnenoe 
anting in the aeme of diminisbing the quantity or the efleets of oxym, is consequently useful in 
easea of phthisis. The same resuU is amved at if, by any process whatever, we oppose to the ah- 
•oihad omen an aliment which aljstiacts frirni its action the plastic part of the ori^iam. Conn- 
Irias SMO metres (6560 feetl of altitude offer the best isiints as a therapeutic staUon for 
tha attra of pbthiaia, provided theee loualitiee are dry, that the mean tempeiature of the 
air is not below 14* (57* Fahr.), and that the extreme variations of winter and sutnmar 

am not lam than 5* and do not exceed 23* Cent This U the case on the rentral Ubla.laiid 
of Maxieo. Ecforitla it hem * en mpport * wiUt phthisis. Cancer is fbsquently ohaerred the^ 
l^dnionm amphyaan^ aaquirMi at the level of the sea. is either mitigated or cured on be^la 
above 2000 matma (6500 faei). Asthma acquired on the heights, causei premature dcMOh, by 
addinia fkaah httpaaiaiantto hieinatoeis already impaired hy the altitude. Bubculanaoua lano* 
toaty has alaarly nrovad that luigiei} inOammatioo does not follow when the tiarta opimied 
upon am proladaa ftm aontaal with tha air. The heights, by dimlnlahtog ihla eoiitaci by a 
km demy cfitmoiiitMre^ am ^yiminbk to surgical 0 ^ Them am gimaimlly fcdkrwad 
by bappyrnanHa at an alavitioii of above 2000 metres (6500 feat). In ibon, eontmy to fbe 
aaiertMa afU . k Dr Iswnhitd, who {dame theee mt tlUtodew amont txrilini Mri tonle 
theae itovatad r^ffane pmdnaa a great debilitatiiqt aHect on Iff# and on dliiiae. ‘ 
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SUB^BOTION I. — OZONB AND AkTOSONB. 

Since the discovery of ozone by Schonbein, it has seemed not unlikely that 
variations in &e amount of this substance would be one reason of climatic dif> 
ferences. At present, however, it cannot be said we have any safe data to go 
upon ; this has arisen chiefly from the imperfection of the test for ozone 
(see Mbtboboloqy). Admitting the presence of ozone in the air, the paper 
tests are uncertain, and are also acted on by other substances. But some 
chemists even doubt whether there be yet satisfactory evidence that ozone 
does exist in the air, though no one doubts the existence of this substance, 
and its origin from, and connection with, common oxygen.* This much, 
however, is certain, that the reaction given by Schonbein’s or Moffat’s papers 
is different in different places, and differs in the same place on different days, 
even when wind, light, &c., are equal. So that there is a measurable change 
in the air, which it is certainly worth while to take notice of. 

The reaction with these papers is greater in pure than in impure air ; at the 
seaside than in the interior ; with south and west winds (in this country) 
than with north and east. 

The reaction is often absent from hospital w ards, though present in the air 
around them. 

According to Moffat the indications are greater when the barometer, the 
mean daily temperature, and the dew-point are all high. The reaction is 
said to be at its minimum in the autumn in this count]y\ 

As already stated, the great inqjerfcctions in the reagent (see Meteorology) 
make it desirable to avoid all conclusions at present, but one or two points 
must be adverted to. 

1. Owing probably to the oxidizing power of ozone when prepared from 
oxygen, a great powder of purification of organic matter floating in the air has 
been ascril^ to ozone l>oth by Schonbein and others, and to the amount of 
oiganic matter in the air of towns the absence of ozone has been ascribed. The 
cessation of epidemics (of cholera, malarious fevers) even has been ascribed 
to currents of air bringing ozone with them. 

It seems clear that the substance giving the reaction of ozone is neither de- 
ficient in marshy districts, nor when ozone is conducted through marsh dew 
does it destroy the organic matter (see page 7 G). Is there any experimental 
proof that it acts on tlie organic impurities of respiration ? I liave been able 
to find none recorded, excej>t the fact alrt’ady noticed, that the reaction is 
least in impure air. It is incumlK»nt on the 8upjx)rters of this view (which 
may or may not be correct) to bring forwanl more experimental proot I do 
not see any evidence of weight to prove that deficiency in ozone has assisted 
the spread of epidemics of any of the s}>ecific diseases, or that excess has 
checked them. « 

2. On account of the irritating effect of ozone, when rising from an dec- 


• Tbs late re«Mweh« of Mriimii©? C* Chemical July 1864) show that when oxygen la 

oemrarUMi into ozone by alectriclty (in which process it lessens in volume and becomes Mvw— 
Andrews), and Is then fsdibrotigb lodkls of nutsssium, every Uace of <»ione is remove ; but whan 
ihs tii wnidi amamd Orom tha sotution or iodkia of potssatum was pas^ thmimh pure watw, 
a thick wWta misr appaaia, •omattmas an thick as to remler the surface of tha vmtar qm 
iMiaqiw. A cartain anumat of vapotur is neetMarr fbr its formation. Maismer at ftm a^M 
thUi stnoka or niist-fi«miing gaa atmianna iaraftw. I smoke), but subaequantly asosi^^ that 
tiWMldinticd withSehdnbrin'santoa^ Tm mist can W poured like carbmiic add flpom ^ 
vaassl to another: on sumdijig, itgiidiiaUy haoomas iwnspamit, and drops of wato arada- 
pQsilod; whtn it him once diaappaarad it aaiiaol he vep^ tha aur has all t^ propa^ 

&Mid0idinafy«zy|aa. tbiis aGnhnM hat tlw pm 
tkaohaiadaror adood. 
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tiod% Sd^nbem believed it had the power of oausizig catanh^ and inferred 
epidemics of influenza might be produced by it He baa attempted to 
adduce evidence but at preeent it may safely be said that there is no proof 
of such an origin of epidemic catarrhs. 

3. A popular opinion is, that a climate in which there is much ozone (t.e. 
of the substance giving the reaction with starch paper), is a healthy, and, to 
use a conunon phrase, an exciting, one. The coincidence of excess of this re- 
action with pure air lends some support to this, but, like the former opinions, 
it still wants a sufficient experimental basis. 

the whole, the subject of the presence and effects of atmosphere ozone, 
curious and interasting as it is, is very uncertain at present ; experiments must 
be numerous, and inferences drawn from them will for a long time have to 
be received with caution. 


Sub-Section II. — Malaria. 

The most important organic impurity of the atmosphere is malaria (for Air 
of Marshes, see page 76), and when a climate is called “ unhealthy,*’ in many 
cases it is simply meant that it is malarious. In the chapters on Soils and 
Aik the most important hygienic facts connected with malaria have been 
noted. In this pl^e it only remains to note one or two of the dimatic points 
associated with malaria. 

1. Veriical Ascent . — A marsh or malarious tract of country existing at any 
point, what altitude gives immunity from the malaria, supposing there 
is no drifting up ravines I It is wcdl known Uiat even a sli^t elevation 
leesens danger ; a few feet even, in many cases, but complete security is only 
obtained at greater heights. Low elevations of 200 to 300 feet are occasionally, 
indeed, more malarious than lower lands, as if the malaria chiefly drilled up. 

At present, the elevation of perfect security in diflerent parts of the worid 
is not certainly determined, but appears to be — 


Italy, . 

400 to 500 feet* 

America (Appalachia), 

3000 „ 

Cali&imia,t 

1000 „ 

India, 

. 20(K) „ 3000 „ 

West Indies, 

. 1400 „ 1800 up to 2200 feet. 


But these numbers are so far uncertain, because it has not always been seen 
that the question is not, whether marshes can exist at those elevations (we 
know they can be active at 6000 feet), but whether the emanations from a 
marsh will ascend that height! I cannot help suspecting that 1000 to 1200 
feet would generally give security. 

S» Hcrixontal SpteiuL — In a calm air, Levy^ hM supposed that the malaria 
will spread untfl it occupies a cube of 1400 to 20w feet, which is equivalent 
to saying it wiU qiread 700 to 1000 feet horizontally from the central point 
of tlm maiiit cunenfe of air take it great distances, though the best 
obearvalioiii show that these distances are less than were suppo^, and seldom 
o veraa a s 1 or 2 mUaa, unlees the air currents ate rapid and strong. The pie- 
ckie limitiaie unknown, but it is veiy doubtful if the belief in timnsferanoe of 
malaria by air^uimts teat 10, 20, or even 100 miles is correct 
3. turn IFafer.^T^ few precise obaarvaiiems show that this differs 


* CSsffitra aseM tar isnr* 1 1. p. 4S1. 
t Wi taforaiilta was 1 ^ M my 
; T. i p. 46t 
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in different countriee. In the Channel^ between Bevdand and Walcheren, 
3000 feet of water stopped it (Blane). In China and the West Indies a 
farther distance is necessary. In China three-quarters of a mile has been effec- 
tual in the West Indies one mile. Grant thinks salt water more efGicacious 
than fiesh. 


SECTION VI. 

ELECTRICAL CONDITION.— LIGHT. 

That these, as well as heat, are important parts of that complex agency we 
call Climate, seems clear ; but little can be said on the point. In hot countries 
positive electricity is more abundant ; but the effect of its amount and variation 
on health and on the spread and intensity of diseases is quite unknown. All 
that has been ascribed to it is pure speculation. The only certain fsct seems 
to be that the spread of cholera is not influenced either by its presence or 
absence. 

With regard to light, the physiological doctrine of the necessity of light for 
growth and perfect nutrition makes us feel sure that this is an important part 
of climate, but no jjositive facts are known. 

Dr Roscoc has jiroposed a plan of measuring the intensity of light, which 
will probably be very useful in Meteorolog}\ 

A sensitive photographic paj)er is prejmred, and the time given to produce a 
constant tint is noted. At present, however, the apparatus is not sufliciently 
perfected to be commonly used. 


• Grant (quoUsd by Chevers), “ Indian Annals/* 1859, p. 636. 



CHAPTER XVII. 


ON THE PREVENTION OF SOME OF THE IMPORTANT 
AND COMMON DISEASES IN THE ARMY. 

Thebb are two modes in which we may attempt to prevent the occurrence of 
disease. 

1. By conform!^ with the general rules of hygiene, by which the body and 
mind are brought into a state of more vigorous health. 

2. By investigating and removing the causes of the diseases which we find 
actually in operation. ITiis’iMirt of the inquiry is in fact a necessaiy supple- 
ment to the other, though in proj>ortion to the obscr\*aiice of the general rules 
of hygiene the causes of disease will gradually lie removixl. At present, how- 
ever, we have to deal with the facts lit^fort* us, — viz.^ tlinl there are a great 
number of diseases actually existent whicli must fonn the subject of investiga* 
tion. We proc^ceil in this cast* fnnii tlie (sirticular to the general, instead of, 
as in the firet mode, when we detluce general nilc»s which have to be applied 
to individual instanct^. 

Hygiene w in this direction an application of etioh»g;)% and etiology* is the 
pl^osophy of medicine ; while in its tuni the very foundation and l^is of 
is an at^curate diagnosis of disease. Unices diseases are completely 
uienttfied, all inquiiy into ^uaes is hopeless. Lei us remember, for example, 
what utter confu^on prevailed in our opinions ns to caust^s and preventive 
measures at the time when typhus and typhoid fevers w*ere considered identical, 
or when paroxysmal fever and the true yellow fever or vomito were thought to 
own a common cause. Any useful rulei* of pitn’entioii ivere simply imtK>ssible 
— as impossible as at pnjsent in many of the diseases of nutrition, which, in 
the proper sense of the wonl, are vet undiagnosed. 

The advance of diagnosis of late years has not merely lieen owing to im- 
proved methods of oliservatioti, but to the more complete recognition of the 
great principle of the in variableness of causation. The se(|uence of phenomena 
in the diseased body proceeds wdth the same regularity and constancy as in 
astronomy or chemistry. Like causc»^ always prmluce like To suppose 

from the same cause should proceed a sequence of phenomena so uttorlv 
distinct as those of typhus and typhoid fever, now iitcredtlile ; yet with 
• or at anjr rate a sufficient, knowledge of the phenomena, it was at one 
time almost t^versally believed that these two pctrfiv^tly distinct dkeasai owned 
a common origin. At the present moment, the sufMirficial resemblance between 
gout and flmttniatiau causes them to be put together in almost all systoma of 
nosolcwy, althoi^ with the exception of the joinU being affected, the diaeasea 
have almost nothinff in eommem.* 
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In proportion as this great principle is still more constantly applied, and 
as onr means of diagnosis advance, and consequently, causes are more satis- 
factorily investigated, methods of prevention will become obvious and precise. 
At present, they are very £sr from being so. In many cases they are founded 
on very imperfect observation ; and very frequently all that can be done is 
to apply general sanitary rules, without attempting to determine what are the 
specif preventive measures wMch each disease requires. 

It is not necessary, however, that we should wait until the causation of 
any disease is perfectly understood. We must act, as in so many other affairs, 
on probability ; and endeavour to remove those conditions which, in the 
present state of our knowledge, seem to be the most likely causes of the 
disea^ It may be that, in some cases, we may be attacking only subsidiary 
or minor causes, and may overlook others equally, or more, important. In 
some cases, indeed, we may overlook entirely the effective causes, and may be 
fighting with shadowa Still, even from mistakes, progress often arises ; if, in- 
deed, me difficult path of human knowledge is not always through error. 

The term cause is applied by logicians to any ant^edent which has a 
share in producing a certain sequence ; and it is well known that in many 
diseases two sets of causes are in operation — one extenial, and one internal 
to the body (exciting, and predis|x>sing). The investigation of the internal 
causes, which in some cases are necessary to the action of the external causes, 
is equdly curious and intricate as that of the external causes, and in some 
respects is even more obscure ; but measures of prevention must deal with 
them, as well as with the external causes. 

In this chapter I can, of course, only venture to enumerate very briefly, 
and without discussion, what seem to be the best rules of prevention for the 
principal diseases of soldiers. To enter on the great subject of the prevention 
of disease generally, and to discuss all the complicated questions connected 
wdth causation, would demand a volume. 

I liave endeavoured to preserve the simple and practical character which 
I have attempted to give to the other parts of the volume. 


SECTION 1. 


THE SPECIFIC DISEASES.* 


Pauoxysmal Fevkrs. 

External Gttnf , — Tliis is presumtHi to l>e putrcsscent, or at any rate, decom- 
|)oaing vegetable matter (see {toges 77 and 254), which is carried into the body 
by the m^iuin of water or of air. 

If by water, a fWwh stmree must lie obtaintd. Well water is generally safe, 
but not alwaya Rain water may be unsafe, if the tanks are not clean. If 
a frosh source cannot be obtained, boiling, charcoal, and alum appear to be 
the best preventive measures. 

uptm ntnily mm a eoavenietit airanaemeiii, mi as cxpnMKinx any real genaralMation. Vha 
amnloymetti of imcli Wrmi aa mjaamatic, tyiooUv, Ac., i« not only justiSable, but useful, as a oon- 
vnuent mocla of dassiSaittoiii ; but if aucli terms aiu allowetl to carry more weight iluui should, 
aHacili to them, and make ua overlook the ahaolutely dilfeienl and uninteitduuueable character 
of Ike oattiNW of the asmal dieeaesi thus riaaeed togeiher for eonvcnieiioe, they oaii only be 
ptedeetive of ham. In mMcAhothof oattMtaadof ineventtre measutM, we must at pimnt 
stady earii fUaieia seMurateTy, ainl no diaoaae ki worth studying sdentiftcally mm to eansas and 
me ve al ion until its |e oaiia oirtain. 

* In enoftimniitlim theae diaoasei^ 1 have followed rimp ly a «oa% enient onler, and hate mily 
1 to llw fiioid oommon diMiam 0 ^ 
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If thd lutsfoduction be by air, and if the locality cannot be left^ the moet 
i^ioved plan is elevation to at least 500 feet above the source of the poimn 
In temperate climates; and 1000 to 1500 feet in the tropics, or higher still, 
if possible.* If this plan cannot be adopted, two points must be aimed at — 
vk., to obviate local, and to avoid drifting n^aria. Thorough subsoil 
draining ; filling up moist ground when practicable ; paving, or covering the 
ground with herbage kept closely cut, are the best plans for the first point. 
For the second, belts of trees, even walls, can be inter^sed ; or houses can 
be so buUt, as not to present openings towards the side of the malarious 
currents. 

The houses themselves should be raised above the ground on arches ; or, if 
wooden, on piles. Upper floors only should be occupied. The earlv morning 
air, for three hours after sunrise, should be avoided ; and next to this, night 
air. 

Internal Carnes . — The conformation, or structural condition, which pehnits 
the external cause to act, is evidently not equal in different individuals, or in 
difierent races ; but we are quite ignorant of its nature. It is not removed 
by attacks of the disease ; but on the contrary, after repeated attacks of ague, 
a peculiar condition (of the nen^es ?) is produced, in which the disease can be 
brought on by causes, such as cold, dietetic errors, which could never have 
caus^ it in the first instance. The intemiil predisj)ositiou is greatly 
heightened by poor feeding, anaemia, and probably by scuny. 

To remove the internal causes our only mc^rts at present are tlie adminis- 
tration of antiperiodics ; especially quinine, and gtxxl and generous linng, 
with iron medicines. The use of Hannel next the skin, and of warm clothing 
generally ; warm coffee, and a good meal Wfore the time of exfKHfure to the 
malaria, and perhaps moderate smoking (?), are the other chief measures. 
Wine in moderation is |mrt of a generous diet ; but spirits are useless, and 
probably hurtfuL 


lV//otr Fever, 

External Cause , — During the last few years the [irogress of inquiry has 
entirely disconnected true yellow fever from malaria, though yellowness of 
the skm is a symptom of some malarious fevers. Yellow fever is a disease of 
cities and of parts of cities, being often singularly localised, like choleiu. In 
the West Indies it has re^ieatedly attacked a bamck (at llermuda, Trinidad, 
Barbadoes, Jamaica), while no other place in the whole island was affected. 
In the same way (at Lisbon, Cadiz, and many other places) it has attacked 
only one section of a town, and occasionally, like cholera, only one side of a 
street. In the West Indies it has rcfieatetiiy eouuneiiced in the same part of 
a bamelL In all these points, and in its frequent occummee in non-nuuiuriauii 
places, in the exemption of highly malarious places, in its want of lektion to 
moisture in the atmosphere, and its as evident connection with putrefying 
fjecal and other aninuu matters, its cause differs entirely from mala^ 

If these pointi were not sufficient, the (act that the agent or poison which 
causes yeQow fever is portable, can Ik} carried and introduced among a com* 
iniinily,t and is inermed in the bodies of those whom it attacks, indioatss 

• limiiittntieteileedilisltlimMi^ msisk Tli«r wlllaol 

iseais frew sislifis Ihun msnliis, If iittiitsd st iltst rpr a t^mh ftmOm hMkt A mmA si 
towomiiSOaOlMtsI)^ is K«w UtMlim, k i liolliSMiis 
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tliat the two agenciee of yellow fever and paroxysmal fevers axe entirely dis- 
tinct.* 

That gpfeat point being considered settled^ the inquiry into conditions 
of spread of t^ yellow fever becomes easier. The ^ints to seize are its Se- 
quent and regular localisation and its ^nsportation. The localisation at 
once disconnects it with any general atmospheric wave of poison ; it is no 
doubt greatly influenced by temperature^ and is worst when the temperature 
is above 70® FaJur. Iliough it will continue to spread in a colder air than 
was formerly supposed, it does not spread rapidly, and appears to die out, but 
even temperature does not cause it to become general in a place. 

The localising causes are evidently (cases of Lisbon, Gibraltar, West Indies, 
&c.) connected with accumulation of excreta round dwellings, and overcrowd- 
ing. Of the former there are abundant instances, and it is now coming out 
more and more clearly that, to use a convenient phrase, yellow fever, like 
cholera and typhoid fever, is a fiscal disease.t And here we find the explana- 
tion of its lo^isatipn in the West Indian barracks in the olden time, ^und 
every barrack there were cesspits, often open to sun and air. Every evacua- 
tion of healthy and sick men was thrown into perhaps the same places. Grant 
that yellow fever was somehow or other introduced, and let us assume (what 
is highly probable) that the vomited and feecal matters spread the disease, 
and it is evident why in 8t James' liarracks at Trinidad, or St Ann's Barracks 
at Barbadoes, men were dying by dozens, while at a little distance there was no 
disease. The pn; valence on bcmrci ship is as easily explained : Granted that 
yellow fever is once imjwrkHl into the ship, then the conditions of spread are 
probably as favourable as in the most crowded city ; planks and cots get im- 
pregnate with the discharges, which may even find their way into the hold 
and bilge. No one who knows how difficult it is to help such impregnation in 
the best hcmpitals on shore, and who remembers the imperfect arrangements 
on board ship for sickness, will doubt this. Then, in many ships, indeed in 
almost all in une(|iial degrees, ventilation is most imperfect, and the air is never 

Overcrowding, and what is ecpiivalent, defective ventilation, is another 
great auxiliary ; and Ik»ne J relates several striking instances.§ 

The question of the origin of yellow fever is one wluch cannot be con- 
sidered in this volume, and at present no preventive rules of importance can 
be drawn from the discussion. || 


tuR be swav. It tpread both ftoui the »hip» and, in one instance, from persons. <8ee 

** Aitkana Mtdidne,^* 8d edit., 1864 ; and Report on Hydene for 186*2,’* by the author). The 
iatrodacikni into Rio in 1S4». and into Monte video, are stiU more sinking cases of importation. 

* As iiiora care is takeii, tne symfitoms of the two diseases also are found to be diagnostic : 
and if it were not for the constant use of tha unhappy term ** remittent,** the confusion would 
not hava so kmg paavaiiad. 

An intaiaiUtig inalanca of good diagnosis was made by the French at Vera Crui in 1861. In 
tba ipriiig tha vomito prevafled, and then diaappeami. Some months altersards, cases of a 
d ia a aaa oacurrad to Uka yatlow favar that they were at flmt taken to l>e that disease, but on a 
atoaar asaminatkm they warn found to ba claariy paroxysmal, and to yield to quinine — de 
Mm. MU. Mm., im. 

t It haa been staled in tha Amartcan fiapari that the only good result of General ButieFs 
nila al New Oriaana was his iron rule as regards sewage conservaiicy. Tba city was new so 
dean as undnr hit ntla, and was naear so frta tnm yellow fever. At New Orleans it haa bean 
long known Ikai tka yaltow lievar, whan R rstums, cv>tnmences at a certain spot, and that at tha 
plaM whara tha sawaga arraimaiiiants art tha wotau 
t Yellow Favor, by Q. FTb^ Aastii«8ttif. to the Forets. (The materials of this work sra 
^ ' of tlio antics falto, Inspactor Oeneral Ikma.) 

I maiampla, in thasiiimbimch^lhowiad^^ reomi have Iwan quite healthy, aad^ 
tsewiffl rooms attacksd. If an in the kHar have ceased U> have oums of the diaaaaa whan 
nwwadlollmibiinmlooilily. (gaaagood aaaa in Bone* P- ...... 

I As Ihisa optetons aio diilhioiil to sosmi I fbmiarly axprasM in prints I think R naoes^ 
mf to ilita tkl the profM of tminliy hm oaitiinly mmUM considaiihly my vlawa si 
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ON THE PREVENTION OF DISEASES IN THE AKHY. 


Tlis dlief pieYentive measoies for the external caiise are these : — 

1. The portabilitj being proved, the greatest care' should be taken to pee* 
vent introduction, either sick men or by men who have left an infected 
ahip^ The case of the Anne Marie (see Aitken’s Medicine,"* and **Beport 
on Hygiene” in the Army Medical Beport for 1862) has made it quite uncertain 
what period of time diould have elapsed before an infected ship can be con- 
sidered safe ; in fact, it probably cannot be safe until the cargo has been dis- 
charged and the ship thoroughly cleaosed. Still it appears, that if men leaving 
an Mected place or diip pass into places well ventilated and in fair sanitary 
condition, they seldom cany the disease. It appears necessary, also, to con- 
sider that the incubative period is longer than usually supposed, probably 
often fourteen or sixteen daya 

In case men sick with yellow fever must be received into a barrack or hos- 
pital, they should be isolated, placed in the l>est ventilated rooms, or, better 
still, in separate houses, and all discharges mixed with chloride of rinc and 
separately buried, not allowed to pass into any closet or latrine. 

2. The introduction by drinking-waters not being disproved, care should 
be taken that the possibility of this mode of introduction be not overlooked. 

3. Perfect sewerage and ventilation of any station would prolmbly in great 
measure preserve from yellow fever, but in addition, in the yellow fever rone, 
elevation is said to have a very great effect, though the confusion between 
malarious fevers and the vomito renders the evidence on this point less certain, 
and the late introduction into Newcastle in Jamaica, and the frequent oocu^ 
rence at Xalapa (4330 feet), as well as its prevalence on high points of the 
Andes (Smith), show that the effect of mere elevation has be!m ovemtecL 
Still, as a matter of precaution, all stations in yellow-fever districts should be 
on elevations above 2(K)0, and if possible 3000 f(*et 

4. If an outbreak of yellow fever occurs in a barrack, it is impossible then 
to attempt any cleam$ing of sew'eiv ; the only plan is to evacuate the barracks. 
This has been done many times in the West Indicts with the best effects. 
As a preventive measure a].so, evacuation of the liunracks and ttneampment at 
some little distance is a most useful plan, and was res^>rted to lately in 
Demenira with success. Before the barrack is rfK>ecitpied every pcwsible 
means should be taken to cleanse it ; sewers should be thoroughly flushed ; 
wails scraped, lime-washed, and fumigated with nitrous acid. 

5. In ^1 buildings where sick are, or where yellow fever prevails, thm 
should be constant ihmigation with nitrous acid, which seems to be, as far as 
we know, the \mi disinfectant for this disease (page 81). 

6. If it appears on board ship, take the same precautions with regard to 
evacuations, bedding, &c. Treat all patients in the o^ien air on deck, if the 
weatbesr permit ; run the ship for a colder latitude ; land all the sick as soon 
as possible, and cleanse and fumigate the ship. 


Mards both ^low fmr and cbokrm. At isganlt the mbjfct of , . 

•Utniptad to daliiit the potiUoo of the qucetlon to t fU'port on tbt Etrlv Cmm of CMm 
la Eoodoii la 164S V* Brit aad For. Mod. Cblr. Rovitw Joly 1^49). If I kid to nrwHia that 
•mamaiy I Mamld otrtaialy bs of opiaion that tbo ract* tioco amtamlatod bavo madaivd 
tbt ftrst of tbs two views tbne dlaeiuMMd,— ibat which 1 tomiad iho *^aiikl coatiodoa tbaory,” 
BKift likely tbaa the moonA, or ** modiaad ooDtaakm So thio I idaiiddiaodlfr the 

Metemeala bi eoaie artkdea oa Yellow Fever and Cboleta {** Biit aad For. Review,** AmH 
1447, and aad For. Med. OdrafKioal Review.** 1444 aad 14491, wbkli 
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Internal Came . — Recent arrival in a hot country baa been usually assigned 
as a cause, but the confbaion between true yellow fever and severe febricula 
(ardent fever or causus) and malarious fevers renders it uncertain bow far this 
cause operates.* Stdl, as a matter of precaution, the present plan of three or 
four years’ Mediterranean service before passing to the West Indies seems 
desirable. Different races possess the peculiar habit which allows the 
external causes to act in very different degrees; this is marked in the 
cases of negroes and mulattoes as compared with white men, but even 
in the European nations it has been supposed that the northern are more 
subject than the southern nations. Of the sexes, women are said to be less 
liable than men. 

This predisposition is increased by fatigue, f and it is said, especially when 
combing with exposure to the sun ; by drinking, and by improper food of 
any kind which lowers the tone of the body.J 

No prophylactic mcMlicine is knoum ; quinine is quite useless. 

Little, therefore, can be done to avert the internal causes, except care in 
not undergoing great fatigue at first, temperance, and proper food. The ex- 
ternal conditions are the most important to attend to. 


Cholera, 

External Cause , — As in the case of yellow fever, we have no clue to the 
origin of cholera, and in some respects the propagation of the disease is very 
enigmatical The way, for example, in which the disease has spread over vast 
regions, and has then entirely disappeared,§ and the mode in which it seems 
to develop and decline in a locality in a 8<irt of regular order, are facta which 
we can only imperfectly explain. 

But as ^ as preventive measures are concerned, the researches of the last 
few years seem to have given us indications on which we are bound to act, 
tliough they are based only on a partial knowledge of the laws of spread of this 
poison. Thus it appears that the carriage of the disease by human inter- 
course, always strongly advocated by some writers, is now quite certam,|| and 
it seems also pretty clear that tlie singular erratic spread of cholera can be 
best accounted for in Uiis way. 'fhis does not exclude other modes of trans- 
mission (which, indeed, are highly probable), but it gives us at once a pre- 
ventive indication of value. The transmission of the disease by the choleraic 
stools, either when fresh or more probably w hen putrefying, is another fact 
which seems to be now proved, and by tracing out this mode of transmission 
we can account for many obsimre points in the history of cholera. Its evi- 
dent connection with imperfect sewage, and yet its absence from those parts of 
a town which are worse sewered even than the places it attacks, are l^t ex- 


^ la Uie older ilnis ia Jamaica it wan, however, always aoUced that the wont attacks 
oecuffod ia retfiaieato dnriaii the tweaty*foar, aad especially the ftnt twelve moatha. 
la ildftaaa epldemica la dmarsat ragUneals. four oocurml in less than six months alter 
landing, seven in less than twelve moa^. and two in leas than twenty four months. But it 
has been stated that rseidance in one place, though it may secure against the yellow fever of that, 
does not protect acabist the diaeaes in another locality. It ta much to be wished that aU theee 
asaertiona which abound In booka abonld be tested by figurm. Thai is the only way of coming 
to a dedalott. 

f Arnold, ««BUioiia Bemiltent Fever,** 1840, p. n, 

t Bone has given a rese^ for making yellow fever. It is simply placing men in tba Weat 
ladiai under the old mtem, wbleh^ aaemed to inolude every imaginable sanitary enror, and 
yelkm Ibw wonld be, nt eaitnlnly nroditced. 

I ThMf Is, of eontM^ no donbt that the oommoo autumnal cholera, however mnoh it may 
iiamnblanip4flk(ialbr tha Indian oholera, la mdte a sapatmte tUeasaa. 

I thaobaaratlenain NoilhemO«m«By(miankofcr. Achermaim, andotham)an 

viMing on this point, btti tham am nnsMiww eaaw in all c^ 




432 


OK XHB PREYBNnON OF DISBABES IK THB AKBIY. 


M in the analogous case of ^italic fever, by bdieving that the 
entrance of a specific agent is necessary, but that its farther transmission is by 
means of bad sewage conservancy. That the stools will dxy up, and &en, in 
the form of dust may be blown for some distance, and may afterwards, in some 
way not yet clear (by respiration ? or by being swallow^?), be received into 
the body, and then act, is also highly probable, though precise evidence is yet 
wanting. 

At ^e present moment, then, the preventive measures are almost the same 
as in typhoid fever.* 

1. The introduction is by air and water. The drinking water should be 
especially examined ; and even if nothing can be made out, it is a good plan, 
during a cholera epidemic, to change the source of supply ; or if this cannot be 
done, to boil, and then filter the water through charcoal ; permanganate of 
pota^ may be also put in before boiling, if we have that salt. 

2. Veiy free ventilation has sometimes evidently checked the disease, and 
instances are known in which two bodies of men nearly close together have 
sufiered very unequally, the only discoverable difference being that one body 
had passing over them a current of air (which was not contaminated in any 
way), and in Uic other case the air was 8tagnant.t 

At the same time, as the wind carries the poison (dried choleraic stools) to 
some distance (probably a short one), it is now a rule in India, in cholera 
epidemics, not to march with or against the wind, but across it at right angles. 

3. The use of chlorine, nitrous acid, and sulphurous acid thrown into the 
air, should be freely tried in all littildings when cholera prevails in a station ; 
and one of these agents should be used after another, as we do not yet know 
which is most efficacious. 

4, As the disease can be introduced by men, and probably by the stools, it 
should be a rule that any men coming from an iiifecUnl district should be kept 
by themselves, and should use entirely separate latrines for at least ten days, 
when it may lie presumed all danger is over. 

In any case, when cholera appears in a place, and men. are t4iken ill, the 
latrines they have used should be closed, disinfectants freely used in them, 
and, when the epidemic is over, they should be thoroughly cleaned out The 
system of dry consen’ancy now coming into use in Inciia, when every evacua- 
tion is at once removed, will no doubt do more than anything else to check 
outbreaks of cholera. The medical officer should, of course, inspect iheee 
places at all tiroes, but especially during cholera, when it should be a regular 
pari of bis duty to visit the latrines at least twice daily. 

The disposal of the cholera stools should be carefully looked after. It 
appears imbable that it is the putrefying stage of these which is most efficient 
in qxreaoing the disease ; therefore they sho^d bo mixed with petchloride of 


^ It rMemtikMi typhekl ferer also io Ueiiw in UmjmnUi elimsUM (Kurtbern Oerntaajr sad 
Ei^dsncl) s Isle tmiiiiMr and eurlj sniumtuil diietae ; t.e., occurring more coitimonly tbs 
moiitbs when tbs best of tbs ssitb is gFssUst, rstn-fsll tnoet dcAcktit, and sir sad wstsr nost 
liksly to bs Impnfs. la Ml oatbresks cbolm ooctured as follows (llifacb) : ~ 
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iron at chloride of zmCf or carbolic acid' or the carbolates, and buried 

de^jr.^ 

5. As in the case of jellow fever, if cholera appears in any place, the 
barrack must be evacuated, and the troops moved a short distance and put 
under canvas. This has b^n done with the best effect both in the hot and 
rainy seasons in India and elsewhere. The tents should be well ventilated, 
and the men must not be crowded nor fatigued. In four or five days the 
camp should be struck and moved two or thi^ miles off, and this must be 
con^ued till the disease disappears. In choosing ground for camps, a good 
elevated spot should be selectkl ; damp and low soils should never be taken. 
The effect of elevation in London in 1849 was pointed out by the Registrar* 
General The diminution in the number of cholera cases from the Thames 
level to the higher lands was very regular. All the low levels have more 
chance of impurity of both ground and air. The same point has been noticed 
at Hambtug (1832), Kdnigsbeig, and Oxford. If a river is in i^nt, it should 
be crossed. Of course, a good water supply is indispen8able.t 

A camp once left should not be retume<l to until it has been thoroughly 
cleaned, any more than in marching, a regiment should occupy ground pre- 
viously used by another regiment.:^ 

6. Men sick from cholera are also best treatcMl in well-ventilated tents ; 
cholera wards and hospitals do not answer. Even in cold countries, up to 
the end of October or the middle of Xoveraber, tents can be used if properly 
warmed. In India it should be a rule to treat every cholera patient in a tent. 

Internal Causes , — General feebleness of health gives no predisposition, nor 
is robust health a safeguanl ; some even have thought that the strongest men 
suffer most. Great fatigue, and esj^ecially if continued from day to day, greatly 
predisposes ; of this there seems no doubt § Xo influence has yet b^n traced 
to diet, nor does it appear that insufficient diet has any great effect, though 


* On fooking back^to the epidemics of cholera I saw in India, I can perceive many points 
which are capable of* explanation if the putrefying stools are the cause. As no credit was 
attached at that time to tne notion of the stools* carrying the poison, no trouble was taken in 
their disposal Beihlings, clothes, floors, furniture, were saturated with them, and were too 
often very imperfectly cleaned. 

t In all laiige Indian mUitaiy stations place<l near great toiKus, spots are now selected in the 
neighbourhood where the men can l»e encamped, and kept ready as to w^ater supply Ac., so 
that at the first alarm the men may move out. This should he done everywhere. The UtUe 
trouble thus caused is well repaid by the saving of life and discomfort. Railways will greatly 
aid the removal of the men. But it is well to observe that on the railways themselves the 
latrines may he a means of witlely propagating cholera if great care be not taken. 

t Great importance has been attached to the tneteorol<^ical conditions attending outbreaks 
of cholera ; they do not apftear U> l>e very important, exrept In two or three cases. 

1. Tmmerature. - A high temperature favours the spread by increasing the putrefaction of the 
stools ana by augmenting generally tlie impurity of the air. When cholera has prevailed at a 
low temperature (it has been severe at a temperature below fteexing), the drink^ water has 
possibly been the cause. 

2. I*rumrc Ims no effect. The old observation of Prout, that the air is heavier in cholera 
epidemics, haa never been confirmed. 

A MoiHurein Air, —Combined with heat, this seems an accessory cause of importance, pro- 
bably by aiding transmission. 

4. Ihffnm ^ Ait seems decidedly to check it. 

A Hein sometimes augments, sometimes checks it This, perhaps, depends on the amount 
of rain. A very heavy nSm laa great purifier. 

6. Moement o/itfr.— It la oertaiiily worst in the stagnant atmospheres, ss in the cases of all 

the spedfio poisons. ^ , , . , • 

7, Hk&br&Uif is not known to have any effect This was particularly examined by H. 
Limcait in Munich, one of the mflst oelebrated physical philosophers of our time^ hut with 
entirely tMcalive raanlts. 

A Cmms has no effect either in its presence or absence. (Schultis, Voltotiii^ De Wethe, 


I Tkm •» nniiy iastwoM of *h* aaMti of k»« 
,|Mltdiatb«ll»Ti*wiiMtnCamdU>(*'Brtt. udFer. Mod. CUr. S*T., Jtdy, 18^ {». 8M7.) 
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ON THE PRSVENTtOK OF DISEASES IK THE ARMY. 


tlMs is 60^6 slight evidence that scurvy increases the mortality, and perhaps 
the predisposition.* The strictest temperance does not preserve ftom attaclm ; 
but every one agrees that spirits are no protection, and that debauchery 
increases liability. 

Of pre-existing diseases, it has been supposed that cardiac affections and 
pulmonary emphysema predispose ; the evidence is very unsatisfactory. 

Diarrhoea prediusposes, and any causes which lead to dianrhoea, especially 
impure water, dietetic errors, &c., should be carefully looked after. 

With regard to prophylactic measures (except in respect to proper diet, Dee 
ventilation, and pure water), nothing has been yet made out Quinine has 
been recommended, and should certainly be given, especially in malarious 
countries, ^ it is a fact that the choleraic poison and malaria may wt together, 
and even give a slight periodical character to choleiuic attacks, which is never 
seen in non-malarious districts, and is therefore merely grafted on choler^ 
Peppers, spices, &c*, have been used ; but I am not aware of any good evi- 
dence. All diarrhoea should be immediately checked, and this is well known 
to be the most important point connected with the prevention of the internal 
causes. The universal onler in India is, that any man going twice in one 
day to the latrine should report himself ; and non-commissioned ofticers are 
us^ly stationed at the latrines to watch the men. The reason of this rule 
should be fully explained to the men. In two attacks of cholera in India, I 
found it almost impossible to get the men to rt>port tliemscdves properly ; the 
slight diarrhoea of early cholera is so painless that they tliink nothing of itt 

I append Sir Hngh Hose's order, wluch is now in force in India 


General Order by Sir llwjh Rme, Cominander-in-Chief in JmJui, 

** Head Quartkks, Simla, 7 Ut April 18C2. 

1. OHicers commanding ili visions, stations, 4^c., will make themselves 
thoroughly acquainted with the ground in the neighbourhood of their ttaiions 
to the extent of 20 miles, with a m*w to at once selecting sites for encamp- 
ments in the event of cholera afqjearing, and care will taken to ensure 
these places being always kept in a fit state for occujiation by troops, and 
with a sufficient supply of wholesome water available on 

** 2. The officers of the Quarter- Master-General's department of each cli vision 
will prepare a^lan of the rei|uired extent of country, with the different en- 
camping grouneb marked on it, so that when the disease approaches, measures 
may be at once taken to place the troops under canvas without delay. 

** 3. Ou the outbreak of cholera in an epidemic form, eitlM^r in neighbouring 
villages or cantonments, officers commanding stations will be prepared to 
move the troops into the selected camp on the shortest notice. 

** 4. As soon as any case of cholera is reportofl on the station^ the tioops 
w31 be moved into camp, and no unfavourable condition of the weather b to 
prevent thia movement being carried out. 

** 5. The force will be broken up into as many detachments as the numbev 
of the medkal officers will admit, allowing one to earh jwtriy. Should the 
medical staff be insufficient to afford such medical aid to the several delacb- 
mettts,experieii€ed medkal subordinates will be placeil in charge of tbe amaller, 
or less distant poties. 


• Ehswoo ths dbolamitf llwJaHalOriicst 

— JfiMirsir Meiiftmi JmtrmU, Jafar, iBfNl 

ffisfsa CMert 
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6. Officeis commanding stations ajre authorised to call directly for aid 
from other stations, divisions, or districts froe from cholera. 

** 7. The sick, labouring under other diseases than cholera, will move with 
the force and share the benefit of removal &om the choleraic atmosphere. 

8. It must be insisted on, that all discharges from stomach and bowels of 
cholera patients be instantly removed and buried in pits. 

** 9. Strong d^orants are to be thrown into the receiving vessels, as well 
as into the pits, latrines, and privies. 

** 10. Should cholera follow the troops, they will be moved short distances, 
at right angles, if possible, to the prevalent wind and track of the disease, 
every second or thml day, care being taken that the marches in no way fatigue 
the men. 

“ 1 1. The breaking out of cholera in a regiment or at a station is on 
no account to cause the suspension of the soldiers* daily amusements and 
occupations, care being taken that the latter in no way fatigue them ; and 
commanding officers will use their utmost exertions to develop any recreation 
or employment of which the effect is to keep the men's minds in their normal 
state. 

^ 12. It often occurs that soldiers on a visitation of cholera indulge in the 
use of spirituous liquors, in the l)olief that they are a preventive against the 
disease. The medical authorities unanimously condemn this supposed remedy 
as a certain promoter of the disease ; commanding officers are therefore en- 
joined to use their utmost endeavours to prevent so baneful a practice. 

“ 13. One of the several cholera antidotes is the early treatment of pre- 
monitory symptom^, of which looseness of the bowels is a principal one ; 
commanding officers are therefore requested to give the most precise orders on 
the subject, and to cause all men affected by premonitory symptoms to be 
placed at once in a premonitory ward. 

** 14. The troops are not to return to cantonments until all traces of the 
cholera shall have distippeared from the neighbourhood, either amongst the 
European or native jiojiulation. The bamicks and hospitals will be thoroughly 
fumigated, the walls whitewashed, and the doors and w^indow-frames painted, 
before they are re-occupied, 

** 15. Tlie men will Ixj supplied with hot tea and coffee before going out in 
the morning ; they will invariably w^ear flannel belts, and all precautions must 
be taken to prevent their remaining in wet or damp clothes. 

** 16. The Commandcr-in-chief feels |>ersuaded that all officers share his 
feeling that when cholera breaks out in a station, they should be with their 
regiments, and at their i)osts. 

** Head QrARTEBs, Simla, 23iI June 1862. 

“ In contiiluation of G, 0. C. C. of the 7th April last, the Commander-in- 
Chief is pleased to publish the following rules, which have received the sanc- 
tion of Government : — 

** W, On the occasion of an outbreak of cholera, such changes in the diet, 
and such other medical comforts, are to be allowed to the sick as the Deputy- 
Ixispector-General of the ciide or other principal medical officer may deem 
exigent. 

^‘2d, Wood fires, if considered necessaiy, are to be maintained to the 
windward of camp. 

** Sdf The railway is to be used for the conveyance of the troops through 
an infidoted tract 

4ihf In wet weather cots are to be carried for all the men, to prevent 
thdr deeping on damp ground. 

2 B 2 
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6IA, On the xequiaition of medical authorities, commanding officers are 
to indent on the nearest magaadne for such additional camp equipage as may 
be considered necessary. The indents to be countersign^ by the Deputy- 
Inspector-General of the circle and the officer commanding the station. 

The Deputy-lnspectors-General of Hospitals being the officers 
specially appointed by Goveniment to judge of the extent which the recom- 
mendations of medical officers should he complied with, the Commander-in- 
Chief desires that their opinion may, whenever practicable, be obtained. In 
the event of their absence from the station, the opinion of the senior medical 
officer may beacted upon. 

** By order of his Excellency the Commander-in-Chief, 

“ E B. Johnson, Ldeut - Colonei ^ 

“ Offg. AdjutanUGeneral of the Amuj'* 


Tgphue Earanthematicua (SjMjfted TypUm). 

External Cause, — ^An animal poison, or^;in unknown, but communicable 
from person to person, probably through the excretions of the skin and lungs 
floating in the air. Kot known to be communicatcKl by water. Its spre^ 
and its fatality are evidently connected with overcrowding and debility of 
body from deficient food, iliat it can be produced by overcrowding is yet 
uncertain.* The preventive measures may lie thus shortly summed up; — 
Adopt isolation t of {uitients ; use the freest ventilation (5000 to 6000 cubic 
feet per head per hour or more) ; evolve nitrrms acid and chlorine fumes ; 
thoroughly fumigate with sulphurous acid ; heat (to 240^ Fahr.), wasli, and 
expose to air all l)edding (including mattresses) and clothes. Tliis last point is 
extremely important In fact, it may be said tliat, for the prevention as well 
as treatment of typhus, the caxtiinal measures are abundance of pure air and 
pure water. Whenever practicable, treat all i^'phus ptitients in tents, or 
wooden huts with badly^joined walls, not in hospitals. Fumig^ate tents and 
scrape and limewash huts, and remove earth from time to time from the 
floors. A number of typhus patients should never be aggregated ; they must 
be dispersed ; and if cases begin to spread in an hospital, clear the wari, and 
then, if the disease continues, the hospital itself; then wash and limewash or 
scrape walls and floors, and thoroughly fumigate with nitrous acid. It has 
been often shown that even exposure to wether, bod diet, and insufficient 
attendance are less dangerous to the patients tlian the aggr^iion of cases of 
typhus (see especially [>. 293). * 

Internal Causes, — A special condition of body is necessary, as in the ease of 
smallpox, and one attack protects to a great exUmt from another. The nature 
of the internal condition is unknown ; but general feebleness from bad diet, 
orawork, exhaustion, and esp^ially the scorbutic taint, greatly increase the 
intensify of the disease in the individual, and perhaps aid its spread. These 
eonditic^ then, must be avoided. But the strong^ and best health is no 
guarantee agsinst an attack of typhus. 


> sfitees es tliic poist,s«t ViuetJm ca Fswi^ sad sfapwia IIm **lisikil 
assSOtsMIa’* July 1089. 

By tht tmiscMm, lliii^ilwplidiigattitiitti (a sgtfiara^ 

I m Um smm bsfldisf ; la tat eats of t ias flpof , lypliai, sad weuM frftr, flhlt mrflsi 
Iwi HiBa , tiweak ■ ww i tiBUi tmt tw fti lL tsaaol dtptadtd sjm. tl a lesia anal he dtosta 
ia tie wsM Ini&dSai^ dbeoii tfa top Miy, tf a good te^ 


• Wm 
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Bviho or OrienUil Plague (Pali Plague in India)* 

The preventive xneasutee shonld be the same ae in typhus, to which this 
disease shows great analogy. The history of the plague at Cairo (from which 
it has been now banished for many years, simply by improvi^ the Yen> 
tilation of the city),+ and the disappearance, after sanitaiy improvements, 
of the Pali plague in India, and its recurrence on the cessation of preventive 
measures, show that, like typhus, the bubo plague is easily preventable. Eleva- 
tion, as in so many other specific diseases, has a considerable effect ; the 
vill^e of Alum Dagh, near Constantinople (1640 feet above the sea), and 
freely ventilated, has never been attacked ; the elevated citadel of Cairo has 
generally been spared, and when Barcelona was attacked, the elevated citadel 
also escaped. 

Ty})hoid Fever, 

External Cause . — poison of animal origin ; one mode of propagation is 
by the intestinal discharges of persons sick of the disease ; other modes of 
origin and transmission are not disproved. The mode of entrance is by air 
and water. As means of arresting the disease, isolate patients; receive all 
evacuations (freces and urine) into vessels strictly kept for one sick person ; 
place chloride of zinc, carl)olate of magnesia, Ac., in the vessels ; never empty 
any evacuation into a closet, sewer, or ces8}>ool ; bury it several feet deep, and 
mix it well with earth. Fumigate, and heat to 240° Fahr., all clothes and 
bedding. Use nitrous acid fumes in the wards. As means of prevention, 
attend especially to the disposal of sewage ; although the origin of typhoid 
from putrefying sewage is not considered at present to be probable (see page 
296), it is not disproved, and it is certain that the disease spreads by the agency 
of sewers and fajcal decomposition. A single case of typhoid fever should at 
once be held to prove that something is wrong with the sewage. 

Internal Causes . — As a first attack preserv^es in great measure from a second, 
a peculiar condition of body is as essential as in smallpox, and looking to the 
special effect produced on I\*yer’8 patclies, and to the fact that at the period of 
life when these patches naturally degenerate, the susceptibility to typhoid 
fever materially lessens, or even ceases, it seems possible that the internal 
cause or necessary second condition is the existence of these patches, the 
structures in which are brought into an abnonnal state of activity by the 
direct or indirect action of the jxiison on them. The other internal causes are 
anything which causes gastro-intestinal disorder, such as bad wUter, and gene- 
ral feebleness. 

Relajmng Fever. 

No preventive measures have been yet pointed out, to ray knowledge, but 
the occurrence of the disease in times of famine seems to in^cate that feeble- 
ness and inanition are necessaiy internal causes. 


• The Pall plasne (Maba Mume), which wae mont common in Bajpootana, was evidently pro- 
pagatifd by the flnhy iiabita of the inhabitantB (see Ranken and others), and was some years ap> 
almost entirely got rid off by sanitary measnres. Subsequently, these were fleeted, and the 
disease returned. It Is now, I believ^ <^iu greatly lessened. Hirsch has pointed out that the 
Mi plague differs from the EgyptUm puigue, in having a marked lung disease, and in this it 
Tesem bles black death of the fouxtmth century, with which Hirsoh, in fact, oonaidm it 
IdenticaL 

t Stamm, In Pappenheim’t*'Britrilga,” 1862-8, p. 80. The measures adopt^ in Cairo wmo 
lavaHing tome hlllooks, which stopped the air from blowing over the dty, ftUiim up some 
mai^£ and adopting a better mode of burial. The peculiar sepulture customs of the Oopta 
have Indeed even oeen assigned ae the sole oanee of the origin of plagae. 
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BUioua Eemitieni Fevers. 

Under this vagae term, a disease or diseases, which in many points are like 
rdapsing fever, bnt yet are not identical (Marston), have heen described as 
occurring especially in E^;ypt (Griesinger), and in the Levant generally. It 
has been lately described by Marston at Malta. The exact causes are not 
known, but in some of the writings of the older army surgeons, the fevers 
which are produced by foul camps (in addition to typhoid) appear to have a 
close resemblance to the bilious remittent fevers of the Mediterranean. They 
appear to be connected with bad sanitary conditions, but their exact causation 
is not clear. 


The Eruptive Fevers. 

Smallpox is guarded against in the army by repeating vaccination in the 
case of recruits, and by occasional re-vaccination of all the men in a regi- 
ment In Dr Balfour's statistical reports, great attention is always paid to 
this important point, and the evidence from foreign armies prove the neces- 
sity of careful re-vaccination. 

If the disease does occur, the use of chlorine, iodine, and nitrous acid 
thrown up into the air should not be forgotten, in adiiition to all usual 
measures of isolation (in separate buildings) and sonitaiy' appliances. 

In the cases of scarlet fever and measles, nothing H{>ecihc is known witli 
n^ard to prevention, exce]>t that a good sanitary condition seems to lessen 
their Intensity. The evidence with rqi^rd to belladonna in scarlet fever is 
contradictoiy, but on the whole unfavourahh?. Wlieii the disease is actually 
present, fumigations, as in smallpox, should be used. 

The most diiiicult case? is when either measles or scarlet fever appears on 
board-ship, and espec^ially if children are on iKMUti If the weather jiermit, 
the best plan is then to treat all patients on the up{>er deck under an 
awning. If this cannot 1>e done (and scarlet fever {sitients must not be 
exposed to cold), they must be isolated as much as possible, and the place 
constantly fumigate4i. 

Perhaps, in the present state of evidence, it might be desirable to try tlie 
prophylactic effects of belladonna on board-ship, directly the first case occurs. 

Erysipelas (Hospital or Epuletnic). 

External Cause . — It is well known that in the surgical wards of hospitals 
erysipelas occasionally occurs, and then may l>e iransmitUHi from patient to 
patient. The exact causes of its appearance have not betm made out, but 
It is evidently connected with overcrowding and impure air. Moisture of 
the floors, causing constant great humidity of air, has also been supposed to 
aid it It is much more common in fixed hc^pitals tlian in Uinta and huts, 
and indeed is exceedingly tare in the two latter cases. The agencies or 
agent can scarcely be supposed to be other tlian putrefying oiganic matter 
and pus cells passing into and accumulating in the air. They or it would 
appear to be i^y generated during the process of suppuration of woun^, 
and at present the prodnetion of a transmissible agent in this way is one 
of the best examples we have of the origin of a contagion die mm. It is 
temarluible that pus cells derived from purulent sputa do not cause isyii- 
peiss in mediesl wiids, but this may be from a want of open wounds 
to mve the necessary internal condition. 

When hospita] eryripelas faaa once appeared in a wmrd« nothing will 
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except complete clearance of the ward, scraping the floors, and often the walls, 
limewad^g, and thorough fumigation with chlorine and nitrous acid alter- 
nately. The erysipelatous cases should be placed in well-ventilated tents. If 
this cannot be done, then nitrous acid and chlorine fumigations must be con- 
stantly used in the wards, charcoal trays be placed round the bed of the 
erysipelatous patient, and excessive ventilation employed. It may be sug- 
gested whether suppurating wounds could not be covered with a light char- 
coal layer, so that the air could only act on it after filtering throu^ the 
charcoal. 

Considering the undoubted beneficial influence of tent life, it may be a 
question whether, even in civil life, hospitals which possess gardens should 
not, during the summer, treat their surgical cases with suppurating wounds 
in the tents.* 

Of course, extreme care in conservancy of wards or tents, the immediate 
removal of all dressings, great care in dressing wounds, so that neither by 
instruments, sponges, lint, or other appliances, pus cells or molecular organic 
matter shall lie inoculated, are matters of familiar hospital hygiene. 

Inierttal Cawm, — Nothing, I Ixdiiive, is known on this point, except that 
there must be some abrasion or wound of the surface or of the passages near 
the surface, as* the vagina or throat, llie eiy'sijKilas commences at the point 
of abrasion. If there is no open wound, the atmospheric impurity seems to 
have no Imd effect on the persons wdio are exposed to it, but it would be 
interesting to know if some forms of internal disease are not produced. Is it 
possible that some forms of tonsillitis and diphtheritic-like inflammation of 
the throat may be caused in this way, although there is no solution of con- 
tinuity 1 

Hospital Gangrene, 

Almost the same remarks apply to hospital gangrene as to erysij^as. 
One of the most im}X)il4int facts which has b^n pointed out by many writers, 
and w'hich has been thoroughly proved by the American and the Itab'an 
Wars, is that perfinitly free ventilation prevents hospital gangrene. 

llammond, the Surgeon-f Jeueral of the United States Army, declaresf that 
only one instance lias come to his knowledge in which hospital gangrene has 
originated in a wooden pavilion hospital, and not one which has occurred 
in a tent Kraus also, fn»m the experience of the Austrians in 1859, states 
that it never could In? discovered that gangrene originated in a tent. On the 
contrary, cases of gangnme at once commenced to improve when sent i&om 
hospital wards into tents. On the other hand, the tenacity with which the 
oiganic matters causing the gangrene adhere to walls is well known. 

The measure to bo adopted in wards when hospital gangrene occurs, and 
Uio ymd cannot bo at once evacuated, are the same as for erysipelaaj It is 
not necessaiy to do more than allude to the undoubted transference by dir^ 
sponges, &C, 


• See Hammond’* Hygiene, 1863 ; Krami* Dm Kninken und Zerstreuungsjystem, ; wd 
a Report on Hyskoie, by the author, in the ** Army Medical Report” for 1862, for the effects of 
Umta on eryeipelas and hospital gangrene. 

J lli^l^raga^ to pyiemia, ohservatiens show that one of the externid cai^ is totid organic 
emanations. Spencer WelU (“ Me^ Timet and Gaiette/' 1852) statM that to 18W the mor- 
tality ftom pymmia was great to some wards over a dissecting room. On removiiig *<1 
after operaiioti to the opposite side of the building, pymmia almost disappeared. Other 
similar oues are on record. 
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SECTION 11. 

VARIOUS NONSPECIFIC DISEASES. 

Dyeeniery and Diarrkcea. 

At presen^ there is no evidence that the dysentery arisbg from various 
causes has different anatomical characters, or runs a different course, except 
perhaps in the case of malarious d 3 rsentery. The chief causes are : — 

1. Impure Water (pages 49-52).— Both Annesley and Twining have 
directed attention to thia cause, in their accounts of Indian dysentery. It is 
scarcely possible, that, with common attention, this cause should not be die- 
covered and removed. 

2, Impure Air, — The production of dysentety and diarrhoea from the 
effluvia of putrefying anin^ substances, is an opinion as old as Cullen, and 
probably older ; and there seems little doubt of its correctness. The gases 
and vapours from sewers also will, in some j)er8on8, cause it (i>ages 93-98) ; 
and alao effluvia from the foul bilge-water of ships.* On the other hand, 
very disagreable effluvia from many animal substances, as in the case of bone- 
buniers, fatrboilers, &c., do not seem to cause diarrha^a. 

The air from very foul latrines has caused dysenU^ry in numerous cases. 
Pringle, and many other army surgeons, record caseat In war, this is one 
of the most common causes. 

Of all the organic effluvia, those from the dysenteric stools appear to be 
the worst. Some evidence has been given to show that dysentery arising 
from a simple cause (as from exjxisure to cold and wet), when it takes on tire 
gangrenous form, and the evacuations are very foetid, produces dysentery in 
those who use tlie latrines, or unclean closets, into which such gangrenous 
evacuations are jiassed. If correct, this is a most interesting point, os it seems 
to show the origin of a coiimmnicahle poison de vuro. No doubt, in all these 
cases the effla\ia, or organic matters, or fiarticlea disengaged from the putre- 
fying evacuations, act at once on the anus, and the disease then sfiroads up hy 
continuity. 

There is some reason, also, to think that retaining dysenteric stools in hos- 
pital wards qireads the disease ; and, perhaps, in this case, the organic 
particles floating up may be swallowed, and then act on the mucous mem- 
brane of the colon. 

In addition to removal of the sources of all these effluvia, fumigations with 
nitrons acid, and with chlorine, should be practised in all dysenteric wards 
(see page 82) ; as in the case of t)*phoid fever, the stools must be mixed with 
disinfectants, and immediately removed from the wards and buried. 

S. Improper Food , — Any excess in i^uantity, and many alterations in 
qualify (especially commencing decomposition in the albuminates, and perhapa, 
the finddity of the fiitfy substances) cause diarrhoea, which wOl pass into 
dysentery (see the chapter on Food). But the most important point in tl^ 
dinection is the production of scorbutic dysentery. A scorbutic taiat plm 
a &r more important part in the production of dysentery than is usuwy 
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imagined; and thmia now no doubt that the fatal dyaentezy, which fonnerly 
was 80 prefvalent in the West Indiea, was of this kind. Much of the Indian 
dysente^ is also often scorbutic. 

4 . Expomre to Cold and Wet , — ^Exposuie to cold, especially after exertion, 
and extreme variations of temperature, have been assigned as the chief cause 
of dysentery by numerous writers great moisture hi» been assigned by some 
writers (Twining, Annesley, Griesinger) as a cause ; and great d^ess of the 
air others (Mouat) ; while a third class of observers have considered the 
amount of moisture as quitd immateriaL 

Hir8ch,f after summing up the evidence with respect to temperature with 
great care, decides, that sudden cold after great heat is merely a causa 
aecasionalis”} which may aid the action of the more potent causes of dysentery. 
This, probably, is the true reading of the facts. The amount of moisture in 
the atmosphere would appear to be a matter of no moment. 

Although we cannot assign its exact caifSative value, the occurrence of chill 
is, of course, as a matter of prudence, to be carefully guarded against ; and 
especially chills after exertion. It is when the body is profusely perspiring, 
and is then exposed to cold, that dj^sentery is either produced, or that other 
causes are aided in their action. In almost all hot countries, chilling of the 
abdomen is considered particularly hurtful, and shawls and waist-bands 
(Cummerbund of India) are usually worn.} 

5. Malaria has been assigned as another cause ; and it was noticed, especially, 
by the older writers, that the dysemtery was then often of the kind termed, 

Dysenieria Incrmnta the stools being copious, serous, and with little 
hlo^ ; in fact, a state somewhat resembling cholera. 

A very great difference of opinion has prevailed, in regard of this opinion. || 
Possibly the ** malarious dysentery is in part connected with the use of 
marsh water. More evidence is desirable certainly with regard to this point ; 
but it seems prolmble, from the observant ions of Annesley and Twining, that 
marsh water has an effect in this direction. 

Lfver Diseases, {Ittdian). 

The production of disease's of the liver is so obscure, and so many states of 
beimtic disonler are put togidher under the term “ hepatitis,” that it is im- 
]iossible to tn^at this subject prope^rly without entering fully into the question 
of causes. But, as this could not be done here, 1 must content mysdf vrith 


* A few only am be noted > Ztnintermann, Ilnxbam, Dunutdoia, WilUn, liTiiie,J sines 
dolmsoa, Annesley, HsmpSeld, MoteboMi. Vignes, Ferguson, Ac, Ferguson says, “True 
dyemteiy U tbe offspring of beet end moisture ; of iiinist cold in any shape after exoeaeiTe heat. 
Nothing that a man oan pat into him, would ever give him true dysenteiy.** 
f Uamlhiich der Historiseh-Ueograph. Pathol., Wnd ii. p. 2SA 

I The scvaiUffid ‘'hill diafTlicea,*”whtch was formerly prevalent on some of the hill sanitaria 
in indyk ; especially on the spuiv of the Himalayas, has been attribntal to the effect of cold 
and moiainre, and audden changiM of temperature. But, as remarked by Dr Alexai^er Grant, 
gmy hill atatlona have these atnioa})heilc oonditioga, without having any hill diairhaa. I 
lhani, ISram aoine gentlemen, who have paid much attention to this subject, that there ia great 
reason to anppoee the hiU dianheea to be eniiiely unconnected wltli eitlier elevation or climat^ 
In eome ommmi, it has been dearly caused by bad water ; in other cases, its exact oanm 
nnexplitned. Of late years, it baa leaeened in amount at all stations, and will probably dis- 


appear. 

lit ia a remarkable drenmatance, that ia temperate dimatee, the moat common months for 
dysinterle enidemioi are the hot montha^nne to September. Taking North America, ^ 
Northern iM Weatern Europe, Eiiudi haa assembled Mlouthreaks. w these, 176 occui^ in 
annttiier ; 8SS ia summer and autumn ; 107 in autumn ; only 16 in sming ; aim 19 m wmter. 
This not look as if ooM had any effect The heat of summer is imr mors influentj aL 

I vaiviag t^ioiw are very fWly by Hirsch. Morshead s grsat ai^ioiity is 

dtoskhar sgam the pieaumed a^on of malaria ; but, possibly hers, sa in vunf ^hsr etass, 
wt shall have to imw a complete dlsdaetion between malarious, and noa-mdaiioua dysentery. 
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s duirt soiniiiazy of the preventive measuieB which appear to be of the 
g^eeatest importance. 

I have long been convinced that many cases of hypereemia^ bilious conges- 
tion, and enlargement of the liver, with increase of c^*growth and connective 
tissue (but wi^out tendency to abscess), and enlai^ment and partial fatty 
dcgenemtion of the liver cells, are caused simply by diet* 1 had a good oppor- 
tumty of observing this on landing in India in 1842 with an European regi- 
ment, and as the experience of more than twenty years has made me certi^ 
that the observation w^ conect, I venture to re|>eat here the conclusion I then 
came to as to the origin of some kinds of liver disoase. 

“ The diet of European soldiers in India is, as a general rule, far too rich 
and stimulating ; hot curries, carelessly made by native cooks, are used several 
times eveiy week for dinner, and vegetables in many places are scarce, or of 
indifferent quality. Soldiers often refer tlio origin of their complaint at once 
to their diet, and, to my own knowledge, many men have supplied the place 
of the curries by rations purchased out of their own scanty funds. It often 
happens that an European regiment, quartered with one or two companies of 
English artillery, will show a much greater j)ercentage of sickness ; the habits 
of both corps are the same, with one exception ; artillerymen beJng in small 
bodies, are easily looked after by their officers, and they are i^ncraily more 
careful about their diet Again, marriei! men who are not in a mess are 
always more exempt fk)m both dyseuteiy and he[>atitis than single men. If 
this is not attributable to their fooii being bi<!tU^r cooke<i, the circumstance is 
inexplicable. It is an extraordinary thing tliat, out of 1 50 married men in 
the 84th regiment, only two died during a tn)picai service of thirty montlis, 
while, in the same pericHi, the mortality among the single men was al^ve 9 per 
cent. The two deaths referred to were from phthisis and delirium tremens. 
Some influence may l>e given to the habits of married men being more regular 
than those of single men, but in a small station, where little deijaueheiy goes 
on, this influence (Miniiot lie great. The custom so general amotig soldiers of 
spending their surplus }iay on intoxicating liquors is another producer of 
gastric and duodenal disease, but 1 am conWnctHl that t4>o much importance 
has been given to this habit 1 am fully prefsired to say, from actual know- 
ledge of the character of patients labouring under duoilenal hepatitis, that 
there is no great preponderance of intemperate men. A supt^rvision of the 
whole system of diet among European troop, not as regaitls commissariat 
supplies, which are usually excellent,t but as regards the ccK>king of these, 
and the time of meals, the encouragement of teetotal societies by every allow- 
able means, and the formation of (lay and night guartis differently clothed, to 
prevent the effects of the great daily thermometrical range of some IncUan 
stations, are measures which would, i am convinced, at once reduce the list 
of hepatitiii.''| 

similar opinions have been expressed by Macnainara,$ and Norman 
CJbeven has also pointedly alluded to tiiis subject || 

* In tils areslaad sitmimbls works of Rsasld Msittn snd Motvbfwd, tiur tnUfteiioe ctT dkl la 
|ifiriiidiisliwslliMtiaii%tiioiisfas11ailedto,bssbf«n Ammky, 

00 ills omr hand, hse fnlljr iho inimetiMir influmco of «li«t (vot. t b. 

t Thoy wmsoiatiiosUtioiHi of wbkii 1 bad knowladgi*, bai, ottroftiiiiaiaJy, tiik wss sol 
tnielbrIliawliidooriiKlIa. 

t *^0n tlw Pyssatsry md Espslilia of India,’’ by E. A. Paikaa, Aiwialaatfbuirm Mb 
rMimifity IStiL p, 2SA Tbo lam doodenal hsfiatitii was mm amidoyad to osfuoMi a Joint 
amwtlonordimiNudbjrpiv^^ aw^Uitia^lmiHliaiiitiNWiwiiioto 

I tndiaa Aitifal%*^ idfiA Mr Mmmmm fottnd a moat axtniordliuiry amoiml of fitity di> 
gansmtion of tba liasr. 

I ^^H««dtii 0 f Indian AnnaU, isa$, n. M ; it mitioabirly fn« 

ooittfnmded that tliia obspl^ " 
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The food thus supplied to the soldier errs in two ways ; it is too much in 
quantity, especially when the amount of exercise is limited IM^namara has 
<^culat6d that each European soldier in Bengal consumed ^at the time he 
wrote in 1855) 76 ounces of solid (Le.^ water-containing) fooa daily, so that 
there must have been an excess of all the dietetic principlea Then, in every 
case, there was added to this a very large amount of condiments (spices and 
peppers), articles of diet which are fitted tor the rice and vegetable diet of 
the Hindu, but are particularly objectionable for Europeans. In the West 
Indies, where the diet has never l^n so rich in condiments, liver diseases 
have always been comparatively infrequent 

Lately, some orders for improving the cook^ in India have been issued 
by Bir Hugh Bose (see section on India), and if these are carried out, and if 
medical officers would thoroughly investigate the quantity of food taken by 
the men, and compare it with their work, and examine into the cooking, it 
is quite certain that many cases of dyspepsia and hepatitis would be pre- 
vented. 

In cases not simply of hyperssmia and bilious congestion, but of abscess, 
it is probable that a certain number are consecutive to dysentery, and are 
caused by the absorption of putrid matters from the intestine,* which are 
arrested % the liver, and there set up suppuration. There is no true pyaemia 
or infiamiuation of the vena portae as a rule. \Vlien caused by phlebitis or 
special affection of the vena portae, the suppuration is in the course of the 
vena portae, or at any rate commences there. The reason why some cases of 
dysenteiy cause absceas and o^crs do not, is uncertain. The prevention of 
this form of abscess is involved in the prevention of dysentery. 

In other cases of abscess, however, there is no antecedent dysentery, but 
there are collections of pus or fuetitl debris somewhere else, which act in the 
same w’ay. There are, however, other cases in which no such causes have been 
pointed out, and the genesis of abscess remains quite obscure. Much effect 
has been attributed to the influence of sudden changes of temperature ; to the 
rapid supervention of an exceedingly moist and comparatively cold air on a 
hot season, whereby the profuse action of the skin is suddenly checked ; 
and to the influence of malaria. But the extraordinary disproportion of 
cases of abscess in different parts of the world seems to negative all these 
surmises. 

One fact seems to come out clearly from Mr Waring’s observations, viz., 
that recent arrival in India is favourable to the occurrence of abscess, and that 
(all kinds of abscesses lieing put together) 50 per cent occur iu men under 
three years’ service. No len^h of residence, however, confers perfect im- 
munity. It would be very important to determine whether the effect of 
recent arrival is marked, both in cases of abscess consecutive and anterior U> 
dysenteiy. 

In the absence of perfect knowledge, great care in preserving from chill.^, 
and proper diet, are the only preventive measures which can be suggested for 
prinuuy hepatic absoe^ 


/aso/afion. {See paqe 414). 

Under this convenient term^ a numln'r of eases are put together which 
seem to be produced by one or more of the following causes — 


It liowtvsr, remsiiuhle bow may earn of dtmiery wscur without 
. , ; ttin, oar naneml kaowMge of tbo eftwatton of dlmsr .^t higWy pmbaWe 

tbsl dysaatety arti Ta this way. It It lU tlotifhiiig dyiwrtwy which It followad oy bepstic 
almwit 
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JEiBkmal Oatm8,—h Direct rays of the son on the head and neck. Adoj^t 
li^t covenn^ covered with white cotton ; penmt a gocd cuxient of, air 
between ihehead and the covering, and nae a light mnalin or cotton xag, 
£pped in water, over the head under the cap. 2. Heat in the shade, com- 
bined especially with stagnant and impure air. In houses (and men have been 
attacked with insolation both in tents and banacks) means can always be 
taken to move the air, and thus to keep it pui^ even if it cannot be cooled. 
In tents, the heat is often exceedingly great, simply hrom the fhct that there 
is not sufficient movement of air ; in the tropics a simple awning is much 
better than tents, and if the awning is slop^ a little, the top of the slope 
being towards the north, the movement of air will be more rapid than if the 
canvas be quite flat. But in the dry season, in the tropics, the men should 
sleep in the open air in all non-malanous districts, when they are on the 
march or in campaigns. 

Inierrud Causes . — It is only known that spirit drinking, even in modera- 
tion, powerfully aids the extei^ causes of insolation ; even wine and beer 
probably have this effect Tea and coffee, on the other hand, probably lessen 
the susceptibility. 

A full habit of body has been supposed also to predispose, or any tendency 
to fatty heart or emphysematous lungs. 

It seems certain t^t any embarrassment of the pulmonaiy circulation aids 
the action of the heat, and therefore the most perfect freedom £tt>m belts and 
tight clothes over the chest and neck is c*ssential. 

Great exhaustion fiom fatigue aids the ajtiun, either from failure of the 
heart’s action or want of watiT. In this case diffusible stimuli, such as 
ammonia, tincture of red lavender, tincture of cardamoms, &c., with strong 
coffee, are the best preventives. Spirits should not be given, unless the ex- 
haustion be extreme, and the diffusible stimuli cannot lx> obtaininl. A small 
quantity in hot water may then l>e tried. 

Cold baths, and especially cold douching to the head and spine, are most 
' useful as preventive as well as curative measures. 

Phthisis PuImonaliA 

It seems to me highly probable that, in respect of causes, we must dis- 
tinguish between those usually rapid eases of phthisis which arise from 
hei^taxy constitutional causes, or from the influence of exanthemata 
(especially measlee), or of typhoid, or other fevers, and which run their 
coarse with implication of several organs at an early stage, and the more 
chronic forms of phthisis, in which the lung in adults is the first seat of the 
disease, and other organs, are secondarily affected l^bably sciveral distmei 
diseases are confounded under this one term of phthisis, and it is tlierafors 
not poseiUe at present to trace out their precise origin. 

Taking mily the common cases of subacute or chronic phthisis, it has been 
already intimated that most European armies have been fotuid to fiimish an 
undue proportion of such cases. 

A few years ago, much influence was ascribed to food as a cause of phihtsii ; 
the occunenee of a sort of dyspepsia as a forerunner (thou^ this does not 
seem very eonmum), and the effect of the treatment hj diet (by eod 
liver oil), seemed to show that the fiiult lay in some peculiar maltiulritioii, 
which affected the Uood, and thioi]^ this the lungs. 

Probably there is truth in this ; of late years the effects of eondilioiii 
which influence immediately the pulmonaiy ctrcolatioii and the lungs thwan* 
•elves have attracted much attcmiimt. The effect of want of eaeimie (no doubt 
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a hi^j complex cause, acting on both digestion and circulation), and of 
impure air, have been found to«^be very potent agencies in causing phthisis, 
and conversely, the conditions of prevention and treatment which have seemed 
most useM are nutritious food and proportionate great exercise in the free 
and open air. So important has this l^t condition proved to be, that it 
would appear that even considerable exposure to weather is better than keeping 
phthisli^ patients in close rooms, provided there be no bronchitis or tendency 
to raeumonia or pleurisy. 

Ihe three points, then, which are within our control as regards phthisis 
are — arrangement of foo<^ exercise, and pure air. 

The food should contain a good deal of the nitrogenous and fatty principles 
if phthisis is apprehended. Milk has been long celebrated, and lately the 
koumiss of Tartaiy has obtained a great reputation in Russia as an agent of cure. 

Exercise is of the greatest importance, and it would seem quite clear that 
this must be in the open air. The best climates for phthisis are perhaps not 
necessarily the equable ones, but those which permit the greatest number of 
hours to M passed out of the house. ^ 

In the house itself, attention to thorough ventilation, i.c., to constant, 
though imperceptible, movement of the air is the point to be attended to. 

In the case of soldiers, it must also be seen that no weights or straps 
impede the circulation of blood through the lungs and heart. 

Srurvy. 

The peculiar state of mahiutrition we call scurvy is now known not to be 
the conseciuence of general starvation, though it is doubtless greatly aided by 
this. Men have b^n fed with an amount of nitrogenous and fatty food 
sufficient not only to keep them in condition, but to cause them to gain 
weight, and yet have got scurvy. The starches also have been given in 
quite sufficient amount without preventing it. It seems indeed clear that it 
is to the absence of some of the constituents of the fourth dietetic group, the 
salts, that we must look for the cause.* 

Facts seem to show with certainty that there is no deficiency of soda or of 
iron, lime, or magnesia, or of chloride of sodium. Kor is the evidence that 
salts of potasli are deficient at all satisfactoiy*. Brought forward by Garrod^ 
as an hypothesis, and based not on analyses of scorbutic blood and tissues, 
but on the fact that the food which prcniuces scurvy contains less potash than 
the well-known antiscorbutic foods, this hypothesis has been accepted far too 
readily as the true cause of scurvy. It has not been sho^vn yet by analysis 
that the food of a scorbutic jiatient has been actually deficient in potash, nor 
have analyses of the urine or sweat proved that the natural elimination of 
potash has been at all altered. Therapeutic trials with salts of potash prove 
that potash per m has no antiscorbutic power. Still, simply as a matter of 
precaution, it may be considered right to increase Uie supply of potash. 

Deficiency of phosphoric acid seems hardly likely to be the cause, but cer- 
tainly good analyses of blood and of excretions are still desirable ; still, when 
we iimk of the quantity of phosphoric acid which must have b^n supplied 
in many <Uets of meat, and o^ealia, which yet prt>duced scurvy, it seems veiy 


* For s good dosi of tho sridsiios np to 1849, 1 beg to refer to a Review I contributed cm 
fionrvy to uis ** Britirii and Forein Medioo-OhinMcs] Review'* in 1848. The evidenoe siiioe 
this period bss added, 1 believe, little to oar knowledM, except to show that the pieserviftive and 
eiumepowetiof Irm in l«ieqiiantitice, andeepoci^ (** Kane’S AreUo Sipa- 

dltioM**h wifi not only pievent, bet vrtU cm ee^ iKanefbend therawineatof the wehrea 
eeertriaeere. 
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ualil^dy the absence of the ph^hates can haye anything to do with it 
Still, itk better to be on the safe side» and to supply phosphates. 

The same may be said of sulphur. Considering the quantity of meat 'and 
of leguminosse which some scorbutic patients hare taken, it is almost impos- 
sible that deficiency in sulphur should have been the cause. 

By exclusion we are led to the opinion that if the cause of scurvy is to be 
fbund in deficiency of salts, it must be in the salts whose adds form carbonates 
in the system. For, if we are right in looking to a deficiency in the fourth class 
of alimentary prindples as the cause of scurvy, and if neither the absence of 
soda, potash, lime, magnesia, iron, 'sulphur, or phosphoric acid can be the 
cause (and it is highly probable it is not so), then tlie only mineral ingredients 
which remain are the combinations of alkalies with those adds which form 
carbonates in the system, viz., lactic, citric, acetic, tartaric, and malic. That 
these adds are most important nutritional agents no one can doubt The salts 
containing them are at first neutral, afterws^s alkaline, from their conversion 
into carbonates ; they thus play a double part, and moreover, wlien free, and 
in the presence of albumen and chloride of sodium, these acids have peculiar 
powers of precipitating albumen, or perhaps of setting free hydrochloric acid.* 
Whatever may be their precise ac^on, their value and necessity cannot be 
doubted. Without, them, in fact, one wies no reason why there should not 
be a continual excess of acid in the system, as during nutrition a continual 
excess of acids (phosphoric, sulphuric, uric, hippuric) is produced, sullioient 
even with these salts to render all excretions (urine, cutaneous, intestinal) 
add. The only mode of supplying alkali to these acids is by the action of the 
phosphates (which is limited). Ilie only manufacture of alkali in the body 
is the formation of ammonia Yet it is not solely the absence of alkali which 
produces scurvy, else the disease would be prevented or cured by supply of 
carbonate of soda or potash, which is not the case. 

When, in pursuiug the ai>pinumt, we then in<|uire whHher there is any 
proof of the deficiency of them; particular acids and salts from the diets which 
cause scurvy, we find Uie strongest evidence not only that this is the case, 
but that their addition to tlie diet cures scurvy with great certainty. Tliey will 
not, of course, cure coincident starvation arising from deficiency of food 
genendly, or the low intercurrent infiaminations which occur in scurvy, ortho 
occadoi^ attendant purpura, but the true scorbutic condition is cu^ with 
certainty. 

Of the five adds, it would appear unlikely that the lactic should be the 
moot efficacious. K so, how is it Uiat in starch fooil, during the digestion of 
which lactic acid is probably formed in large quantities, scurvy should occur! 
Is, in snch a case, an alkali necessary to insure the change of the acid into a 
carbonate t How is it that scurvy will occur with a milk diet, though, doubt- 
leas, milk is a good though not perfect preservative! 

Vinegar is an old remedy for scurvy, and acetic acid is known to be both a 
prevmitive of (to some extent) and a cure for scurvy. But it lias always been 
considered much inferior to both dtric and tartaric acids. Possibly, as in the 
case of lactic acid* an alkali should be supplied at the same tune so as to 
able tiie add to be more rapidly transformed 
Tartark, and ei^kUy citric acids, when combined with alkalies, have 
always be^ constdered to be the antiscorbutic remedies, par ejastUme^ and 
the evidisioe on this point seems very oomplete.t 


• etssaollsiliyliMsatliordtlfiiSfsgalaf '^tisdleil TIiiimi sad Ossitle,** 
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Of malic acid little ia known as an antiscorbutic agent, but it is well worthy 
of extended trials. 

jb^ciency of fresh vegetables implies deficiency in the salts of these acids, 
and scurvy ensues with certainty on their disuse. Its occinxence is, however, 
greafly aided by accessory catises, especially deficiency in food generally, by 
cold and wet, and mental and moral depression. 

The preventive measures of scurvy are, then, the supply of the salts of 
citric, tartaric, acetic, lactic, and malic acids, and of the acids themselves, and 
perhaps in the order here given, and by the avoidance, if it can be done, of 
the otiier occasional causes. 

Experience seems to show that the supply of these acids in the juices of the 
fresh succulent vegetables and fruits, especiaUy the potato, the cabbage, orange, 
lime, and grape, is the best form. But fresh fruits, tubers, roots, and leaves 
are letter than seeds. The leguminosa?, and many other vegetables, are useless. 

Fresh, and es|>ecially raw, meat is also useful, and this is conjectured to 
be from its amount of lactic acid ; but this is uncertain. 

The dried vegetables are also antiscorbutic, but far less so than the fresh ; 
and the exjierience of the American War is not so favourable to them as 
might have been anticipated. Do the citric and other acids in the dried 
veg«?tables decompose by heat or by keeping? It would be very desirable to 
have this question settled by a gocxl chemist. We know that the citric acid 
in lemon juice gradually decomposes. It does not follow that it should be 
quite stable in the dried vegetables. 

The measures to be adopted in time of war, or in prolonged sojourn on 
board ship, or at stations where fresh vegetables are scarce, are — 

The supply of fresh vegetables and fruits by all the means in our power. 
Even unri|lb fruits are better than none, and we must risk a little di^hoea 
for the sake of their antiscorbutic properties. In time of war every vegetable 
should be used which it is safe to use, and, when made into soups, almost all 
^ tolerably pleasant to eat. 

2. The supply of the dried vegetables, especially potato, cabbage and cauli- 
flowers ; turnips, parsnips, &c., are perhaps less useful ; dried peas and beans 
are useless. As a matter of precaution, these dried vegetables should be 
issued early in a campaign, but should never supersede the fresh vegetablea 

3. Good lemon juice should be issued daily (1 oz.), and it should be seen 
that Uie men take it. 

4. Vim^ur oz. to 1 oz. daily) should be issued with the rations, and 
need in the c<H>kiug. 

5. Citrates, tartrates, lactates, and malates of potash should be issued in 
bulk, and used as drinks or added to the food. Potash should be selected as 
the base, as there is seldom any chance of the supply of soda being lessened. 
The easiest mode of issuing these salts w^ould be to have packets containing 
enough for one mess of twelve men, and to instruct the men how important 
it is to place them in the soups or stews. Possibly they might be mixed 
with the salt, and issued merely as salt. 

• 

Military Ophthalmuf. 

The term ‘‘miUtaTy ophthalmia" is often applied particularly to that dis- 
ease in which the peculi^ grey granulations form on the imlpebral co^junc- 


bsea bsnsfitsd by lemon jaioe. The progreee of preventive medicine is checked by assertioiis 
drawn from a veiy limited experience, yet made with great confidence. We must remember that 
many eases of scurvy are oom|^cated^-41iat the true scorbutic condition, inanition* and low Infiam- 
mation of various organs, Inngs, spleen, liver, and mnscles may be all present at the earn* time. 
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tiva. But any severe form of purulent ophthalmia spreading in a regiment 
is often classed under the same heading. Diseases of the eyes are a source of 
veiy considerable inefficiency in the army, and even a casual visitor to the 
Boyal Victoria Hospital must he struck % the large number of men he will 
meet with who have some affection of the eyes. A reference to the Army 
Medical Beports will also show what great attention is being paid to this 
important subject by military surgeons, especially by my colleague, Professor 
Longmore.* 

Epidemics of military ophthalmia (grey or vesicular granulations, and rapid 
purulent ophthalmia), seem to have been imcommon, or perhaps unknown, 
on the huge scale in i^e wars of the 18th century. 

The disease, as we now see it, is one of the legacies which Napoleon left to 
the world. His ^stem of making war vrith little intermission, rapid move* 
m^ts, abondonmeirt of the good old custom of winter quarters, and inter- 
mixture of regiments from several nations, seems to have given a great spread 
to the disease, and though the subsequent years of peace have greatly lessened 
it, it ^ prevailed more or less ever since in the French, Prussian, Austrian, 
Bavarian, Hanoverian, Italian, Spanish, Belgian, Swedish, and Kussian armies, 
as well as in our own. It has also been evidently pro|)agated among the 
civil population by the armies, and is one more heriti^e with which glorious 
war has cursed the nations. 

In some ousea, as in the Danish army, it has been absent till manifestly 
^ introduced (in 1851) ; in other instances it has been sup|X)6e<l to originate 
spontoeouaiy from overcrowding and foul lmrrai;k atmospliere, and from 
defactive arrangements for ablution. t Here, as in so many other cases, we 
find that the question of origin de now^ however important, neeti not he 
mixed up with tliat of the necessary preventive measures. Whfft is impor- 
tant for us is to know— tliat it is contagitms, that is, transmissible ; 
and secondly^ that if not produced, its transmissibility is singularly aided by 
liad barrack accommodation. 

In the six years ending December 1800, out of 16,654 soldiers discharged 
the service for disability, no less than 1393, or 8'4 cent., were so for dis- 
eases of the eyes. In 1860, no less than 9 j>er cent, (or one invalid in every 
11) were thus discharged.^ Tim, of course, includes all diseases of the eyes. 
In 1861, about 64 per cent, of the eye-diseases were cases of ophthalmia,** 
8*4 of iritis, 17*6 of retino-choroidal disease, 4*5 of defective refraction, 4 of 
traumatic iiyuiy, and 1 *3 of cataract (Frank). It is not clear how many of the 
cases classed as ** chronic ophthalmia’* were of the disi^ase tormed “ military 
ophthalmia or grey granulations,” but the majority apjtear to have been of this 
class; ^d Dr Frai^ states that, in 1861, cases of “chronic ophthalmia ’* for 
invaliding were fumisbed by no less than fifty-seven differtmt regiments. 

The measures to he adopted if military ophthalmia prevails — 

L Oood VeniiUdwn and Purity of Hub Air. — In the Hanoverian army, 
Stoomeyer reduced the number of cases in an extraordinary degree, simply 
by good ventilation. The only explanation of this must be that the dn^ 
particles of pus and <mithelium, instead of accumulating in the loonii were 
carried away, ipd diet not lodge on the eyelids of the healthy men. Tbe» 


^ MttolaioMOfM smim to tbs dilTerant ntstioiii, sad «» Ophtbaliiioieo^llsiiiial 


•amj of nilitiiy oontliiUiBls m tlw MM ana; 
MfdkslEepovtlbvlMO^aadDrlCs^^ ‘‘ 
f fits Dr fmk% psp tti (Amy If sdtat 


itip.smT, tbtexotUtai psfeni of Dr rrM (Amy 
(Bmk’t Arehim), tliotild to skt» mttmA to. 
at Bnwrt for 1860, p. 406) for Molt mmsiici on Us 


t Wmk^ Amy Msdki^ JMeft Ibr 1160, p. 400. 



OPHTHALMU. 


449 


eyolution of ftumioiiia from decompofiing urine has been also assigned as a 
cause ; no urine tub should be allowed in a room, or if it must be placed there, 
a little carbolic (or failing this, hydrochloric) acid should be placed eyery night 
in the tub to d^y the decomposition of the urea. 

It would appear likely that bad barrack air predisposes to granular con- 
junctiyitis by producing some peculiar state of the palpebral conjunctiva and 
glands (Stromeyer and Frank), and if a diseased person then introduces the 
specific disease, it spreads with great rapidity. 

2. Careful Ahhitim Arranr^emmU . — ^An insufficient supply of water for 
cleansing basins, and the use of the same towels, are great means of spreading 
the disease, if it has been introduced. Whenever men use the same basins 
they should be taught to thoroughly cleanse them, and it would be well if in 
every militaiy ablution room the men were taught not only to allow the dirty 
water to run away, but to refill the Imsin wdth water, which the next comer 
would let off before filling with fresh water for himmdf. If some mechanism 
could be devised for this, it would be very useful. The same towel is a most 
common cause of propagation ; or a diseased man using always the same towel 
may reinoculate himself. The towels should he very frequently washed (pro- 
bably every day), and should Ixi dried in the open air, never in the ablution 
room or barrack. 

In some cases special ablution airangements may cause a good deal of 
granular conjunctivitis. In 1842 and 1843 1 witnessed, in a regiment newly 
landed in India from England, a very great number of cases of this kind ; the 
supply of water was veiy insufficient, many men used the same basins, which 
were very imperfectly cleaned ; the same basins were used for washing, 
and also for dyeing clothes ; at that time the men in the cold months wore 
trousers or a black drill, and when the dye came off they were accustomed 
to rudely replace it ; they themselves ascribed the very prevalent ophthalmia 
to the irritating effect of the jiarticles of the dye left in the b^ins, and 
getting into tlie eyes. There were enormous granulations on both upper 
and lower lids, and the disease was believed to be communicable, but 
whether the affection w'as strictly to l)e classed with the vesicular granular 
tions 1 do not know. 

3. In some cases the use of the bedding (pillows and pillow-cases), which 
has been used by men with grey granulations, has given the disease to others, 
and this has especially occurred on board transports. In time of war, espe- 
cially, this should be looked to. If any cases of ophthalmia have occurred on 
boaid ship, all the pillows and mattresses should bt* washed, fumigated, and 
thoroughly aired and beaten. I'he transference has been in this case direct, 
particles of pus, &c. adhering to the pillow and mattresses, and then getting 
into the eyes of the next comers. 

4. Immediately the disease presents itself, the men should be completely 
isolated, and allowed to have no communication with their comrades. It has 
been a great question whether a Government is justified in sending soldiers 
home to their friends, as it has been tlius carried into previously healthy 
viUa^ It would seem clear tliat the State must bear its own burdens, ^d 
provide means of isolation, and not throw the risk on the friends and neigh- 
bours of the soldier. 

An important matter to rememl^r in connection with grey granulationB, 
is, that relapses are very frequent ; a man once aff^W has no safety 
(Warlomont) ; simple causes of catarrh and inflammation may then rein- 
duce the spe^c grey granulations with their contagious characters ; so that 
a man who has once nad the disease is a source of danger, and should be 
watched. 
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Venemd 

It is convenient for our pur|)ose to put together all diseases arising from 
impure sescual intercourse, wheUier it be a simple excoriation which has been 
inoculated with natural vaginal mucus or with leuoorrhceal dischar^, 
and which may produce some inguinal swelling, and may either get well in a 
few days or last for several days ; or whether it be an inflammation of the 
urethra pixxluced by specific (or non-s|>ecific ? leucorrhoeal ?) dischaige, or 
whether it be one of the forms of syphilis now dit^osed as being in all pro- 
bability separate and special diseases having particular courses and termina- 
tions.* 

In the army men enter the hospital from all these causes, and from the 
remoter effects 6t gonorrhoea or syphilis, orchitis, gleet, stricture, bladder aud 
kidney afiTection ; or s}^hilitic diseases of the skin, lx)ues, eyes, aud internal 
organa 

The gross amount of inefficiency is tolerably well kuown (see cha]>ter on 
Home Service), but it will require a few more yeurs lx;lbre the several items 
of the gross amount are properly made out. This arises i)artly from an occa- 
sional great difticulty in the diagnosis of tnie infecting syphilis, and [>artly 
from a w^ant of uniformity in iiomenclature.t 

The comi>arative amount of army and civil vencn^l diseases is not known, 
because we have no statistics of the civil amount It is no doubt great. It 
is a question whether a large majority of the young men of the upper aud 
middJe class do n<it sufi'er in youth from form of venereal diseases. In 
the lower classes it Is [lerhaps inpially comnum. 

The sequences are mo.Nt serious ; neglected gleet, stricture, secomlary and 
tertiary syphilis, ore sad pri<H‘S to IS 13 * for an milawfiil (in sr>me cases a 
momentar}') gratification ; and in the army the Shite yearly Hufiers a large 
pecuniary loss from incfiiciency and early invaliding. In cam|jaigns, the 
inefficiency from this cause has sQmetiim*s lieen great enough to alami the 
generals in command, and to incrcam; cousidenihly the laliour and sufferings 
of the men wlio are not afiect^d. 

In the cliapter on Home Service, the statistics of our own and of Uie 
French army during peace are given, and here 1 must refer only to the means 
of prevention among soldiers. 

1 , Continence, — The sexual passion in most men is very strong. Pibvidence 
has, indeed, nunle it strong enough to lead men to defy all dangers, and to risk 
all consequences It has supposed by some that, in early manhood, 
continence is impossihle, or if practised, is so at the risk of other habits being 
formed, which are more hurtful than sexual intercourse, with all its dangma. 
But this is surely an exaf^eration ; the development of tins jiassion can be 
acederafod or delayed, excited or lowered, by various meosuiea, and eontmence 
becomes not only (lossible, but easy. 

For delajing the advent of sexual puVierty and desire, two pbuis, in addi- 
tion to the reslrainta of religious duty, can l)e suggested — absence from exci t in g 
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thoiights and temptation, and the ayatematic employment of muBcular and 
mentfld exercise. The minds of the young are often, but too soon, awakened 
to such matters, and obscene companions or books have lighted up in many 
a youthfiil breast that fetHTenfer which is more dangerous to many a man 
th^ the sharpest fire of the battle-field would be. Among young soldiers 
this is especi^y the case ; while, in spite of the exciting literature of the 
day, and of the looseness of some of the older boys at the public schools, or at 
the uniyersities, the moral tone of the young gentlemen of our day is perhaps 
better than it was some half centi^ ago, the conversation of the class^ firom 
which the soldier is draum is still coarse and lewd as in the middle ages. 
There is too close a mixture of the sexes in the English cottages for much 
decency, and the young recruit does not often require the tone of the barrack 
to destroy his modesty. In fact, it is possible that, in good regiments, he 
will find a higher moral tone than in the factory or the har\^est field. 

We must trust to a higher cultivation, and esj)ecially to religious influences, 
to introduce among the male youth of this nation, in all its grades, a purer 
moral tone, so that the safeguard of modesty and religious scruples may be 
cultivated, and not destroyed. In the army, the example of the officers, and 
their exertions in this way, would do great tilings, if we could hope tliat the 
high moral tone which liappily exists in some cases could inspire all 

If exciting and lewd conversation and thoughts should he discouraged by 
moral and religious teaching, it is not the less necess^iry to save the young 
from temptation. The youth of this nation are now sorely tempted. In our 
streets, prostitution is at evciy comer, and the most degraded and dangerous 
strumpets are allowed to congregate round our barracks without hindrance. 
WhaUjver may be tlic objection to police regulations, we have surely a right 
to demand that the present system of temptation shall be altered. It may 
not he easy to exclude all prostitutes, especially of the lietter class (whose 
calling is less easily brought home to them), from public thoroughfares, but, 
practiciUly, open prostitution can be recognised and made to disappear from 
our strec^ts. It has been mid our |>olice regulations are sufficient for this ; 
they have never yet j)TOve<l so ; and in no European country but England is 
prostitution so ojum and so undisguised.* 

Although in our camps and garrisons means could easily be adopted to 
prevent soldiers Ixung soliciUnl by women, even in the Act passed in the 
last sessiont (an Act of the greatest importance, as the first step in an efficient 
legislation), no authority has-been ttikeu to prevent prostitutes from assembling 
in public places near barracks, or to insure that the public-houses which the 
soldier frequents are not either brothels or connectetl with them. To do so 
would, according to some, be “ an interference with the liberty of the subject;” 
as if the State does not, in numlierless ways, and most properly, interfere with 
the liberty of the subject at ever}- tiini. It is quite time that this meaningless 
phrase should disappear, and that men should see that, in the case of venereal 
diseases, the State must as much protect its citizens as from the danger of 
foul water, or the chances of gunpowder ex-plosions, or the risks of any other 
{)eiilous and unhealthy trade. If men want prostitutes, they must go and 
seek them. If a woman desires to become a prostitute, she must know that 


♦ The effect of this upon the virtuoue female population is very serious. Every servsnt in 
London sees the fine clothes and hears of the idle and luxurious lives of the women of the 
town, and knows that oooaaiottally respectahle marriage ends a life of vice. a temptation 
to abandon the hard work and the drudgery of service for such a career, of which she sees only 
the bright side ! It is a tempta^on from wbi<^ the ^te should save her. She should see 
prosUiution as a dmadad oauhw only, with its restrictions and ita inconyratooes. 
t k BiU for the mveaticmoruoatiidous Dtoeases at certain Naval and Militaiy Stations.-^ 
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she will not be allowed to pursue her calling in the public streets or in public 
places. 

If young men could thus escape an appeal to their passions, continence 
would be much more easy. Tliere are times when the strictest virtue may 
well dread such an appeal. Human nature is but too weak, and needs every 
safeguard it can 

As aids to continence, great physical and mental exertion are most powerful. 
It would seem that, during great exercise, the nervous energy is expended in 
that way, and erotic thoughts and propensities are less prominent ; so also 
with ment^ exercise, in perhaps a less degree. The establishment of athletic 
sports, gymnasia, and comfortable reading-rooms in the army, may be expected 
to have some influence. 

Temperance is a great aid to. continence. In the army, the intemperate men 
give the greatest ‘number of cases of syphilis ; and when a man gets an 
attack, it is not infrequently foimd that he was drunk at the time. 

The measures which promote continence are, then : — 

(a.) The cultivation of a religious feeling, and of pure thought and con- 
versation among the young soldiers, by every means in our power. 

(d,) Removing from him temptation, and occasions to sin. 

(c.) Constant and agreeable employment, bodily and mentally ; as idleness 
is one great cause of debaucherj'. 

(t?.) Temperance. 

2. Marriage . — It is very doubtful whether those who cond()mn early 
marriages among the working classes, on account of improvidence, are right 
in their argument. Probably the early marriages are tlie salvation of the 
youth of tills country ; and in the present condition of the labour-market, the 
best thing a working man can do is, as early as possible, to make his homo, 
and to secure himself IxHh from the temptations and expenses of bachelor- 
hood. In the case of the soldier there is, for 94 j)rivate8 out of every 100, a 
condition of enforced celibacy. It seems difficult to avoid tliis, with the 
present conditions of serrice ; and yet, what is the inevitable consequence of 
shutting out from the prospect or possibility of marriage young men of the 
soldier’s age and education ? It should lx» a matter of grave consideration for 
the State which places men in such a position. In most of the other armies 
of Europe the soldier serves for a limited time — three to flve years ; and can 
look forward to a speedy releasi*, and to marriage if he pleases. In our service 
his least period is ten years. Tlie present system of rapid relief also renders 
marriage less attractive to the soldier than it was, on account of the great ex- 
pense the removes put him to. Formerly, when ho remained several years, or 
his whole service, in one station, or at neighbouring stations, his expenses as 
a married man were light ; now, he seldom stops more tlian tliree years at any 
one place. 

All that the State can do, is to allow as many men to marry as possible 
(and surely 6 pe^ cent is a very small number), and to make vunuriage a re- 
ward, by providing good quarters, and by allowance's to married men when m 
rouie. fi^ond thi^ it seems impossible to look to marriage as a preventive 
of venereal disease in the army. 

3. PreeauHcm againd the Dmam . — ^Admitting tliat, in the case of a body 
of anniarried men, a certain amount of prostitution will go on/ something 

* While Mirfiis this, sad whiJs dss itiw with whst sctuslly sjcisU, 1 do nml, for s 
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sshioMsBslaitwoissvkst^sadissgiisiniumiiiMsttempUo^ OasML^^.. 
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may be done to pTevent disease by extreme cleanliness, instant ablution, and 
by the use of sulphate of zinc, or similar lotions after connection. It may 
seem an offence against morality to speak of such things ; but we must deal 
with things as they are ; and our object now is not to enforce morality, but to 
prevent disease. The use in brothels of these measures appears to be more 
efficacious than any other plan. In some of the French towns, the use 
of lotions and washing is rigorously enforced, with the effect of lessening 
disease considerably. 

4. Cure of the Disease in those affected with it — In the case of the 
soldier who has medical advice at hand, it seems of the greatest im- 
portance to have instant medical aid at the first sign of disease. But, 
instead of this, the soldier conceals his ailment as long as possible, because 
he will be sent to hospital, put under stoppages, &c. This is a very bad 
result of our present system, and the sooner it is altered the better. The 
soldier should be encouraged to make immediate application, and he should 
certainly not be punished for a fault wliich his superiors commit with im- 
punity, and for which the State is in part answerable by enforcing celibacy. 
Our object is to preserve the man^s health and services for the State; we shall 
not accomplish this by ignoring what is a common consequence of his condi- 
tions of service. 

Health inspections are made weekly by the surgeon or assistant-surgeon. I 
believe these inspections, when carefully made, to l)e of the greatest service. 
Some medical officers consider them derogatoi^', and slur them over. I can 
neither participate in, nor indeed understand, a feeling of this kind ; it seems 
to me a matter of duty, which should be done as conscientiously as possible. 

I know from personal experience of health inspections how many men were 
caught in an early stage of syphilis and gonorrhcea, and the disease was forth- 
with cured, or greatly mitigated. The more thoroughly these health inspec- 
tions are again made the better. 

It has been also proposed to detect and cure the disease in prostitutes. A 
great outcry has been raised against this proposal, which is yet a matter of 
precaution which the State is surely bound to take. A woman chooses to 
follow a dangerous trade — as dangerous as if she stood at the comer of a 
street explcxling gunjwwder. By practising this trade she ought at once to 
bring herself under the law, and the State must take what precautions it can 
to prevent her doing mischief. Tlic State cannot prevent prostitution. We 
shidl see no return to tlie sUtii old Scandinavian law which punished the 
prostitute with stripes and death ; but it is no more interference with the 
liberty of the subject to prevent a woman from proj^agating syphilis, than it 
would be to prevent her propagating smallpox. 


it make on marriage— the safeguard ef the human race. In ita smallcift degree, it does tbis. If 
esttended, prostitution would &gin to aliake the very Rtructure of society— the relations of the 
sexes, the improvement of both men and women, an^ tlie care and culture of the offspring, 
would become endangered. The more it is considered, the more clearly will the terrible oonse- 
ouences of an extended prostitution come out. But a]siri from this general new, the effe<^ on 
toe individual roan is disastrous, even if he escapees venereal disease. Association with a single 
woman is a safeguard against excess ; but if the appetite is stimulated by constant variety, itis 
impossible to avoid excess, and its enfeebling effects on the body. It is worse than polygamy, 
aa sexual intercourse with different females is more varied. In polygamy also, it is well-known 
that our common notions of a great number of wives is erroneous ; a stop is put by the ex|)enoe; 
and in the polygamous nations, the majority of men ha\u only one wife, whenever atation or 
riches enable a man to have more, he pays for his gratilioation by an enfeebled health, and by 
a degenerate offopring. 

It is not without physiological cause that Christianity has forbidden prostitutioii. in terms 
whtdi make ua underst^ even better than ^e writings of Terence or Juvenal, how wide-spread 
Mid dea^y waa the prostitution of antiquity, and how the strength and wellbeing ol men were 
being undenniiiid. Is there no danger that we may require similar wamiugat 
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The difficulty is to detect when she is diseased. Abioad, an elaborate 
system is in use for this purpose brothels are registered, and their inmates 
regularly examined. In this country such a system seems to many people 
too like a recognition of the ineyitableness of prostitution, and to a certain 
extent a sanction of it. It does not present itself to me in this light, but as 
a simple matter of precaution. A custom exists which we cannot set aside ; 
let us obviate its effects as best we may, while, at the same time, by higher 
culture and better religious teaching, wo endeavour to gradually remove the 
custom. 

Another plan is followed at some foreign stations, and is about to be tried 
in England. With a boldness which does them great credit, the Government 
passed a Bill in the last session (1864), by which, in the neighbourhood of 
certain* places (Portsmouth, Plymouth, Woolwich, Chatham, Sheemess, and 
Aldershot), prostitutes who are found diseased may be taken to an hospital, 
and there detained till cured. But the mode of doing this, as onlered in the 
Act, appears cumbersome. Information must l>e iirst given that a prostitute 
is diseased ; if she appears in any public place for the purpose of prostitution 
she may then be taken before a magistrate, who can cause her to l>o medically 
examined, and send her to a certified hospital. It may be desirable to give 
the chief clauses, which are the last of the Act : — 

Claxms frofii the Cmtagioite Diseases Act (1864). 

“ 10. If any common prostitute is iii any public place, within the limits 
of any place to wliich this Act applies, for the pur|>ose of prostitution, any 
superintendent or inspector of jiclice or constabulary authorised to act in that 
pl^e, having good cause to l)clievc tliat such common prostitute has a con- 
ta^ous disease, may, by order in urriting signed by liim, direct a constable to 
take her into custody, and to bring her, as soon as reasonably may be, before 
a Justice of the Peace, to lx$ dealt with according to law ; an<l the constable 
to whom such onier is directed may, without further warrant, take into 
rmstody the woman named in such oitler, and bring her before a Justice 
accordingly. 

11. Wliere, upon any woman being brought l)efore a Justice as aforesaid, 
it ap^iears to the Justice that she is a common prrmiitute, and was in such a 
public place as aforesaid for the purpose of prof^itution, the Justice, for the 
purpose of obtaining medical testimony as to her having a contagious disease, 
may, if he thinks fit, n^quiro her to be examined by a legally qualified 
mescal practitioner, to Ije called by the Justice to his assistance for this 
purpose. 

12. If it is proved to the satisfaction of such Justice that the woman so 
brought before him is a common prostitute, and that, liaving a contagious 
disease, she was, at the time of her arrest, in a public place as aforesaid for 
the purpose of prostitution, the Justice may onler her to be taken to a 
certified hospital, there to rem^ until cured. 

13. If H is proved to the satisfaction of such Justioe that the woman so 
brou^t before him is a common prostitute, and that, knowingly having a 
contagious disease, she was, at the time of her arrest, in a public place as 
aforesaid for the purpose of prostitution, she sliall lie deemed guil^ of an 
offence against this Act, and the Justice may order her to taken to a oer 

A!!2**i?**^*^ the rsrkww pips, wlifcdb hsve not, I bnlievn, tism mwth attifsd ilitce 
for lAfii Sadie Mr ^ 



VENEREAL DISEASES. 


45*5 


tiiied hospital, there to remain antO cured, and may further adjudge her to 
be imprisoned, in case of a first offence, for any term not exceeding one month, 
and in case of a second or subsequent offence, for any term not exceeding three 
months, such imprisomnent to commence from the time of her legally quitting 
the hospital 

14. If any common prostitute, having been by order of a Justice imder 
this Act sent to a certified hospital, quits the hospital without being required 
to do so by the autliorities of the hospital, she shall be guilty of an offence 
against this Act, and on summary conviction thereof before a Justice of the 
Peace shall be liable to be adjudged to be sent to the same or some other cer> 
tified hospital, there to remain until cured, or, in the discretion of the Justice 
before whom she is convicted, to be imprisoned for any terra not exceeding 
four months. 

“15. Any Justice of the Peace, on information on oath satisfying him that 
there is good cause to believe that any common prostitute has been guilty of 
an offence against this Act by quitting an hospitd as aforesaid, may issue his 
warrant for her apprehension, and thereupon any constable may apprehend 
the woman named in tlio warrant, and bring her before a Justice, to be dealt 
with according to law. 

“ 16. Wliere any common prostitute is adjudged to l^e sent to a certified 
hospital, any constable whom the Justice before whom she is convicted 
directs shall forthwith, in conformity \ritli an order of the Justice in this 
behalf, convey her to the hosj)ital accordingly. 

“ 17. Any common prostitute who, liaving been by order of a Justice 
under this Act sent to a certified hospiUil, refuses, or wilfully neglects while in 
the hospital to conform to the regulations thereof, sliall be guilty of an offence 
against this Act, and on summary conviction thereof before a Justice of the 
Peace shall be liable to be adjudged to be imprisoned for any term not ex- 
ceeding one month. 

“ 18. If any person, being the owner or occupier of any house, room, or 
place within the limits of any place to which this Act applies, or being a 
manager or assistant in the management thereof, knowingly induces or sutlers 
any common prostitute having a contagious disi'ase to resort to or be in such 
house, room, or jdtice for the purpose of prostitution, every such person shall 
be guilty of an offence against this Act, and on summary conviction thereof 
before a Justice of the Peac^e shall be liable to a j)enalty not exceeding 
twenty pounds, or, at the discretion of the Justice, to bo imprisoned for any 
term not exceeding six months, with or without hard labour. 

“ Provided that a conviction under this enactment sliall not exempt the 
offender firoiu any penal or other consequences to which he or she may be 
liable for kee])ing or being concerned in keeping a bawdy-house or disorderly 
house, or for the nuisance thend>y occasioned.'* 

Tlie course of events will probably be that a soldier gets diseased and 
informs against a woman. If she appears ill a public place ami is following 
her trade, slie may bo apprehended; but it is not clear that she can be 
followed to a brothel and tlien examined, and the vagueness of the 18th 
clause renders it doubtful whether any penalty can be enforced against the 
owner of a brothel Till it has been tried, however, the action of the bill is 
not certain. • , . . • 

I am afraid it is doubtful whether a half measure of tliis kind will do good, 
but it should be fairly tried ; and it is to be hoped that the magistrates in the 
districts will give every assistance. 

It might be suggested that a plan of this kind might be added. Under 
the Common Lcslgings Act, brothels are or can be registered as lodging- 
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houses, and the owners can be called on to furnish a list. Then, when a 
soldier is diseased, and can designate or describe the woxnan, the police might 
have power to summon her and to have her examined, and if she be found 
diseased, a fine might be placed on the housa Ifo doubt, this fine would ifdl 
on the prostitutes, but stfil it would make them all careful to recognise and 
remove disease. At present, till a prostitute becomes so bad that she suffers 
great pain, or becomes offensive to the eye, she plies her trade ; imder the 
system proposed she would have an incentive for immediate treatment and 
cure. 

It is, I am afinid, doubtful whether the Act will do much ; but if not, it 
should only lead to more complete legislation. Without sanctioning or 
legalising prostitution, we can yet surely control a dangerous trade, prevent 
the display of vice in our streets, remove from prostitution some of the glitter 
which tempts the foolish and the unwaiy to sin, and save to some extent the 
unhappy girls who lead this life of miscalled joy from the consequences of 
their own weakness or misfortima* 


• Those p^ons who shut their eyes to the enormous prostitution of this country, as of all 
others, or think nothing can be done because it is impossible to deal with private or ''sly*' 
prostitution, and with the higher grades of the calling, sliould remember that some movement 
in the interrat of the unhappy girls themselves is necessary. In the low brothels in Ixindon, 
the system is a most cruel oue. A girl is at first well treat<*d, and eucouraged to fall into debt 
to her employer. As soon as she is fairly involved, she is a slave ; there is no relief till she 
can make no more money, when she is cast out. Surely something should be done to save her. 
Possibly it might be w^ell to tr^' the plan of recognising no debts from a girl to the procuress or 
brothel-keeper, and to also deVise means for at once giving her the means of release from her 
life if she desires it. Also, if such lunises must exist —ana who can venture to hope Uiey will 
not?'~Uiey may at least be inorle less indecent, quieter, and safer from theft, and even murder. 
At present the system, as it exists, is a gigantic scandal to Christianity, anckJeannet's singular 
woik has lately shown how curious a imrallel there is l>etweeii modem prostitution and that 
which dimmect the splendour, and i^rhaps hastened the fall, of Imperil and Pagan Itome. 
Eighteen centuries after the death of Clirist, are we still at such a point ? 



CHAPTER Xyill. 

DISPOSAL OF THE DEAD. 

In densely populated countries the disposal of the dead is always a question 
of difficulty. If the dead are buried, so great at last is the accumulation of 
bodies, that the whole country round a great city becomes gradually a vast 
cemetery.* In some soils the decoiiqjosition of bodies is very slow, and it is 
many years before the risk of impurities passing into air and water is removed. 

After death, the buried l)ody returns to its elements, and gradually, and 
often by the means of other forms of life which prey on it, a large amount 
of it forms carbonic acid, anunonia, sulphuretted and carburetted hydrogen, 
nitrous and nitric acid, and various more complex gaseous products, many of 
whicli are very foetid, but which, however, are eventually all oxidized into the 
simpler combinations. The non-volatile substances, the salts, become con- 
stituents of the soil, pass into plants, or are carried away in the water perco- 
lating through the ground. The hardest parts, the bones, remain in some 
soils for many centuries, and even for long periods retain a portion of their 
animal constituents. 

If, instead of being buried, the liody is burned, the same process occurs 
more rapidly and \iith different combinations ; carbonic acid, carbonic oxide (?) 
nitrogen, or jKjrhaps combinations of nitrogen, water, &c., are given off, and 
the mineral constituents, and a little carbon, remain Miind. 

A community must always dispose of its dead either by burial in land or 
water, or by burning, or chemiad destruction equivalent to burning, or by 
embalming and preserving. Accustomed as we are to land burial, there is 
something ^most revolting, at first sight, at the idea of making the sea the 
sepulchre, or of burning tlie dead. Yet the eventual dispersion of our frames 
is the same in aU.cases ; and it is probably a matter merely of custom which 
makes us think that there is a want of aflection, or of care, if the bodies of 
the dead are not suffered to rei^ose in the earth that bore them. If we read 
the Bible aright — ^that our bodies are to rise again — it must be by a miracle. 


* Nothing, perhaps, testiAea more strongly to the antiquity and the extent of the ancient 
ettiea in Anatolia than tbe vast sepulchral remains. On the site of old Dardanui^ the mother 
of Troy, and stretching ftom the Hellespont for two or three miles into the hills,, the whole 
country is honeyoomhra with tombs. It is the same in the neighbourhood 'of Troy* The hnrial 
of the dead, though practiUd by the moet ancient nations, was afterwards supermed by bam- 
ime. and was only sunsequently returned to. As, therefore, these nraves represent only a por- 
tion of the duration of the city, the immense assemblage of tombs is the more remarkable, and 
ft is impossible to avoid the conclnaion that these great cities must have flourished for periods 
fhr longer than those which have elapsed since London or Paris, for example, became large 
eenlmofpopttletlon. 
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whicli, in some way incomprehensible to ub, will bind up again the scattered 
elements, and fh>m the four winds of heaven call the dispersed atoms to the 
promised land 

In reality, neither affection nor religion can be outraged by any manner of 
disposal of the dead which is done with proper solemnity and respect to the 
earthly dwelling-place of our fnends. The question should be placed entirdy 
on sanitaiy grounds, and we shall then judge it rightly. 

What, then, is the best plan of disposing of the dead so that the living 
may not suffer? 

It seems hardly likely that the practice of embalming or mummifying will 
ever again become common. What is the use of preserving for a few more 
years the remains which will be an object of indifference to future genera- 
tiona The next logical step would be to enshrine these remains in some way 
so as to insure their preservation, and we should return to the vast burial 
mounds of I^gypt. The question will lie between burial in the land or at sea, 
and burning. 

At present the question is not an urgent one ; but if peace continue, and if 
the population of Europe increase, it will become so in another contuiy or 
two. AlrjMMly in this country we have seen, in our own time, a great change ; 
the objectionable practice of interment under and round churches in towns 
has been given up, and the population is buried at a distance from their 
habitations. For the present that measure will probably suffice, but in a few 
years the question will again inevitably present itself. 

Burying in the ground appears certainly the most insanitary plan of the 
three methods. The air over cemeteries is constantly contaminated (see 
p. 76), and water (which may Ije useil for drinking) is often highly impure. 
Hence, in the vicinity of gmvcyanls two dangers to the population arise, and 
in addition, from time to time, the disturbances of an old graveyard has given 
rise to disease. It is a matter of notoriety that the vicinity of graveya^ is 
unhealthy. How are these dangers to Ije avoided 1 The dead may bo buried 
in more or less air-tight vaults ; here decay is slow ; the proilucts fonn and 
escape slowly, though they must eventually escaj^e ; and air and water ore 
less contaminated. But the inuneiu$e ex]>ense of such a plan renders it im- 
possible to adopt it for the community generally. Deep buiying has the 
advantage of greater iiltration, Iwth for air and water, than shallow buiying, 
and hence it is a good rule to make the grave as deep as possible, and to allow 
no more than one lx>dy in a grave. Tlie admixture of quicklime has lieeii 
a4lvised ; it absorlis some carlK)nic acid, and forms sulpliuret of calcium with 
the sulphur and sulpliuretted hydrogen, but this itself soon decomposes, so 
that the expense of quicklime seems hanily commensurate with the result 
Charcoal would absorb and oxidize the foetid organic matter, and, if sufficiently 
cheap, would bo a valuable substance to Ikj hea]>od in graves ; but its cost 
would be probably too great 

The only means which present themselves, as applicable in all cases, are the 
deep burial and the use of plants, closely placed in the cemetoiy. Thero is 
no plan which is more efficacious for the abm>i|>tion of the oiganic substances, 
and perhap of ibe carbonic acid, than plants, but it would seem a mistake to 
use only the dark, alow growing eveiigroons. The object fduittld be to gel 
the most mindly |(rowuig trees and shrubs, end, in fact, there is no reason, 
except a feeling of sentimmii, why we should introduce into our cemeteries 
the doomy and mdancholy cypress and yew. 

When, in the course of jrears, it becomes iuiperotive to reconsider this 
question, and land burial toI have to l>e nicslified, many arguments will 
present iheinselves to maritime nations in fiivour of bui]ftng in me tea ratber 
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than of burning. It is true that the impurities in burning can be well diHused 
into the atmosphere at large, and would not add to it any perceptible impurity. 
But if the burning is not complete, foetid organic matters are given off, wMch 
hang clouddike in the air, and may be perceptible, and even hurtfuL As a 
matter of expense, too, the system of incremation would be greater than the 
burial at sea. In the burial at sea, the body would go at once to support other 
forms of life, more rapidly than in the case of land burial, and without the 
danger of evolution of hurtful products ; and in the vast abyss of the ocean 
the remains would rest until the trumpet shall sound which shall order the 
sea to give u]^ its dead. 

In time of war, and especially in the case of beleagured fortresses, the dis- 
posal of the dead becomes often a matter of difficulty. In that case burning 
may have to be resorted to. If the bodies are buried, they should always he 
at as great a distance as possible, and as deep as they can be. If procurable, 
charcoal should be thrown over them ; if it cannot be obtained, quicklime 
should be used. 



CHAPTER XIX. 

INDIVIDUAL HYGIENIC MANAGEMENT. 


This subject is an extremely large one, and the object of this book does not 
allow me to discuss it. It woidd require a volume to itself. 1 can merely 
here make a few very general remarks. The application of general hygienic 
rules to a particular case constitutes individual management. 

It is impossible to make g<*nend rules sufficiently elastic, and yet precise 
enough, to meet every jxissible aim*. It is sufficient if they contain princijdes 
and precepts which can Ik^ applied. 'While individual hygiene should be a 
matter of study to all of us, it is by no nujans desirable to jmy a constant or 
minute attention to ones own lu^alth. Such care will defeat its object. Wo 
should only exercise tliat reast»nablc care, thought, and prudence which, in a 
matter of such moment, every one is l)ouiid to take. 

Every man, for example, who considers the subject baft4 fidCy is the best 
judge of the exact diet which suits him. If he understands the general 
principles of diet, and rememls^rs the Hippocratic rule, that the amount of 
food and exercise must be balanced, and that evil results from excess of 
either, he is hardly likely to go wrong. 

“Temperance and exercise” was the old rule laid down, even before 
Hippocrates,* as containing the essence of healUi ; and if wo translate 
temperance by “ sufficient fixKl for wants, but not fur luxuries,” we shall 
express the present doctrine. 

The nutrition of the IkkIv is so affected by individual peculiarities, that 
there is a considerable variety in the kind of food taken by different persons. 
The old rule seems a goo<l one, viz., while conforming to the general principles 
of diet, not to encourage too great an attention either to quantity or to quality, 
but avoiding what cx|>erience has shown to he manifestly liad, either generally, 
or for the particular individual, to allow a considerable variety and change in 
amount from day to day, acconling to api>etite.t Proper and slow mastioa- 


* It is quits plsin from ths context, thst Htppocnitss, by tf'mpemnoe, mssiit such sn smoftni 
of food Si wcmla bslsoos, snd neither exceed nor rail short of the exerdse. He had a clear eon* 
cepthm of the development of mechanical force from, and its relation to, food. He lays down 
rules to show when the diet Is in excess of exercise, or the ezercise In excess of diet la either 
case he ttacea dlseeae. 

t Celsiis canted the plan of variety ao far aa to recommend that men should sometimes eat 
and drink moro than m {wo|Nnv and should aometimes not exceed ; and Lord Baoon haa a 
remaik wkleh Issda one to Mwve he held a ^iiar ophilon ; Hut thsra can be doubt of *tha 
iaoornMifieaiofthiaoplii^ Jt has been tralyaald that the Sndfeiieful rule of filj^^eoeratei. 
which piuaeribia continual modsmtiony Is much truer, and the bam writsm on bmnie,siielsnt 
and modem, bave dsddsd against Celsua. Bcaidea being emmeouai, tbe nils <aiXmm opens a 
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tion of the food is necessary, and it is extraordinary how many affections of 
the stomach called dyspepsia arise simply from faulty mastication, from defi- 
cient teeth, or from sw^owing the food too rapidly. 

The exact amount of exercise must also be a matter of individual decision, it 
being remembered that great exercise in the free air is a paramount condition 
of h^th, and that the healthiest persons are those who have most of it. As 
a rule, persons take far too little exercise, especially educated women, who 
are not obliged to work.* 

Attention to the skin is another matter of personal hygiene. 

The skin must be kept perfectly clean, and well clothed. Some writers, 
indeed, have advised that, if food t)e plentiful, few clothes be worn ; but the 
best authors do not agree in this, but recommend the surfrce to be well pro- 
tected. For cleanliness, cold bathing and friction hold the first rank. The 
effect of cold is to improve apparently the nutrition of the skin, so that it 
afterwards acts more readily, and when combined with friction, it is curious 
to see how the very colour and texture of the skin manifestly improve. 

The effect of heat on the skin, and esj>ecially the actign of the Eoman or 
Turkish baths, and their action on health, has certainly not yet been properly 
worked out, in spite of the numerous papers which have been written. It 
has not been proved that the strong action of the Turkish bath is more 
healthy in the long run than the application of cold water. As a curative 
agent, it is no doubt extremely usefid, but as a daily custom, it is yet mb 
judice. Certainly it should not be used without the concluding application 
of cold to the surface. 

Tlie care of the bowels is another matter of personal hygiene, and is a 
matter of much greater difficulty than at first sight appears. Constipation, as 
allowing food to remain even to decomposition, as leading to distension and 
sacxjulation of the colon, and to ha3moiThoid8, is to be avoided. But, on the 
other liand, the constant use of purgative medicine is destnictive of digestion 
and proper ab8ori>tion, and the use of clysters, though less hurtful to the 
stomach, and less objectionable altogether, is by no means desirable. On the 
whole, it would seem that proper relief of the bowels can be usually Insured 
by exercise, and especially l)y bringing the abdominal muscles into play, and 
by the use of certain articles of diet ; viz., pure water in good quantity with 
meals, the use of bran bread, honey, and such gently laxative food ; and that 
if these do not answer well, it is l^ettcr to allow a certain amount of con- 
stipation than to fall into tlie frequent use of purgative medicines. 

The regulation of the ]iassions must also bo left to the individual. In those 
days of too early sexual life, no subject is perhaps more important than this 
one. In how many ways are health and vigour injured by the want of control. 
To say nothing of the venereal diseases, with all their consequences, how much 
evil results even from unbridled erotic thoughts and the habits which some- 
times follow. But the young often err only from ignorance, and should be 
taught that perfect health and vigour ore only possible w*hen there is perfect 
sexual healtk 


door to iatomperanoe, and, like a banuleas aentence in Hippocrates, has been twisted to serve 
the argument of gourmands. Its influence is felt even at the present day. This much is 
certain, that probably 80 per cent, of tbe |>er8ons who consult physicians owe their diseases in 
some way to rood, and in many oases they are perfectly aware tliemselves of their error or had 
habit, but, with the singular inoonsistency of human nature, either conceal it fiom the man to 
whom they are professing perfect openness, or manage to blind themselves to its existence. 

* CSompare the imperfect development of the muscles of the anns in ladies, as ^own by the 
low evening dresses, with the women of the workliw classes. No one can doubt wbich la 
heahldeet or which is most beautUbl, until excesa of work developea in the muadea of the 
laboui^ woman the too hard outUnea of middle life. 
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AqaoDg soldiers the amount of venereal disease is discussed in another 
diapter. The practice of masturbation is, T believe, in our own army happily 
unoommon ; in other armies a few expressioim by authors lead me to think it 
is leas uncommon ; but it is a subject wbichv in spite of its importance, few 
have cwted to look into. 

The amount of mentd work, and the practice of general good temper and 
cheerfulness and hope, are other points which each man must himself controL 
Great mental work can be borne well if hygienic principles of diet, exercise, 
<&c., be attended to. The old authors paid great attention to the re^en 
of men engrossed in literary work, and laid down particular rules, in s ist in g 
especially on a very careful and moderate diet, and on exercise.* 

Hope and cheerfulness are great aids to health, no doubt, fh>m their effect 
on digestion. Usually, too, they are combined with a quick and active tem- 
perament, and with rapid bodily movements and love of exercise. 

The individual application of general hygienic rules will differ according to 
the sex and age,f and the circumstances of the person. In the case of children 
we have to apply the general rules with os mucli caution and care as possible, 
and we must depend on external evidence to prove their utility. In the case 
of adidts, individual experience soon shows whether or not a pre8cril)ed rule 
is or is not beneficial, and what modification must bo made in it. It is not, 
however, every grown person who has the power to modify or change liis con- 
dition. He may be under the influence of others who, in fact, arrange for 
him the circumstances of his life. But still in no case is all self-control taken 
away ; the individual can always mfluenco the conditions of his own health. 
Probably even in the case of soldiers lie has more |x>wer over his own welfare 
than other persons have. 

Were the laws of health and of physiology better understood, how great 
would be the effect Let us hope tliat matters of such great moment may 
not always be considered of less imjxntance than the languages of extinct 
nations, or the unun]X)rtant facts of a dead liistory. 


* PIut4uv:h, wboM rales on health are excellent, and chiefly taken fniin Hippocrates. < 
the oTer-stodiotts man to the camel in the fable, who. refusina to ease the ox in due time of his 
load, was force«l at last to cany not only the ox*s own load, but the ox himself, when he died 
undi^ his burden. 

t Galen was the first who pointed out ex)»iidtly that liymenic rales must l>e different for in- 
fancy, youth. manhood, and old age. a fourfold lUrision which is still the best. Pythagoras, 
Iccus. Herodtcus, Hippocrates. Poly bus. Diodes. Celsus. ami others who preceded Galen ap|iear 
to have framed rales chiefiv for male adults. Galen sub-dirideil the subject much more sys* 
tamatically. {For a good short account of the early system, see Mackende on ** The History of 
Health, and the Art of Preserving it.** 17^.) 



CHAPTER XX. 

STATISTICS. 


An, accui^te basis of facts, derived from a sufficient amount of experience, 
and tabulated witli the ])roi>er precision, lies at the veiy foundation of 
hygiene, as of all exact sciences. Army surgeons have alr^*dy contributed 
much important statistical evidence as to the amount and prcivalence of differ- 
ent diseases, and it is erident that no other body of medical practitioners 
possess such opportunities of collecting, with accuracy, facts of this kind, both 
among their own nations and othei’s. As they have to make many statis- 
tical returns, it seems desirable to make a few brief remarks on some ele- 
mentary points of statistics, which are necessary to secure the requisite 
accuracy in collecting and arranging facts. But it is, of course, impoasible 
for me to enter into the mathematical consideration of this subject ; even 
were 1 comjKitent, a separate treatise would be required to do justice to it. 


SECTION 1. 

A FEW ELEMENTARY POINTS CONNECTED WITH GENERAL 

STATISTICS. 

1. The elements of statistical inquiries are individual facts, or so-called 
numerical imits, which having to l>e put together, or classed, must have pre- 
cise, definite, and constant characters. For example, if a number of cases of 
a certain disease are to be assembled in one group with a definite significa- 
tion, it is indispensable that each of these cases should be what it purports 
to bo, an unit not only of a definite character, but of the same character as 
the other units. In other words, an accurate diagnosis of tlie disease is essen- 
tial, or statistical analysis can only produce error. If the numerical units are 
not precise and comparable, it is better not to use tliem. A great responsi- 
bility rests on those who send in inaccurate statistical tables of diseases ; for 
it must be remembered that«tho statist does not attempt to determine if his 
units are correct ; he simply acoepts them, and it is only if the results he 
brings out are different fh>m prior results tliat ho be^s to suspect in- 
accuracy.* 


* It if in vain to ocmoaal the faot that many peraona look at tables of diaeaaea ooUeetad in- 
discriminately as wone than naataaa, firom arrora in diagnoaia. Even in the army ratums, 
whi^ are aQ fimilabad by qualified practitioiiere, there ia reaaon to doubt the oomotneee of the 
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^ 2. Jliese items or numerical units being fomished to the calculatori are by 
him arranged into ^ups. That is to say, he contemplates the appaientty 
homogeneous units in another light, by selecting some characteristic which 
is not common to aU of Oiem, and so divides them into groupa To take 
the most simple case ; a certain number of children are bom in a year to a 
given population The children are the numerical units. They can then be 
separated into groups by the dividing character of sex ; and then into other 
groups by the ^viding character of ** born alive,** or “ still bom,** &c. 

Or, a number of cases of sickness being given, these numerical units (all 
agreeing in this one point that health is lost), ore divided into groups by 
diseases, &c, ; these groups, again, are divided into others by the character of 
age, &c., and in thia way the original large group is analysed, and separated 
into minor parts. 

This group-building seems simple, but to properly group complex facts, so 
as to an^yse them, and to bring out all the possible inferences, can only be 
done by the most subtle and logical minds. The dividing character must be 
so definite as to leave no doubt into which group an unit shall . fall. This 
rule is of the greatest importance, and many examples could bo pointed out 
of error from inattention to it. The dividing chamcter must ^ precise 
enough to prevent the possibility of an unit l)eing in two groups at the same 
time. It may be useful to give one or two examples of erroneous dividing 
characters.* 


Example to show the Ineorrcei Mode employed in fanning the Groiq^e, 

Subject to be investigated by numbers, ~ Clauses of insanity. 
Kature of numerical units, . . Insane persons. 


Esqairols dividing 
characters. 


cases, . . 

Esquiroi 

Hereditary, . 

337 

Domestic troubles, - 

278 

Bexual excesses, -- 

148 

Drinking, Ac., 

134 


897 


Ohjedion , — Dividing character ambiguous ; an insane case may fall into 
two, three, or four of the aljove groups. Tlie only plan of stating the facta 
is by foraiing a uumlier of definite groups and sub-grouiis, mutually exclusive 
of each other. (Bee table, next page.) 

Another very common error is illustrated by Annesley’s statistics of dysen- 
tery in India. He gives so many cases as occurring in the dry, the wet, and 
cold seasons. The dividing character is then the season; but the three 
seasons differ in duration, lliere is a difference in time, and a coirection 
must be made, as the dividing character is not uniform. So also in stating the 
number of casca of disease per month, given by a certain force, the dividing 
character is slightly ineomect, as the months are of unequal length. Many 
other examples will present themselves in medical worka 


esiikr iMm smdsfiy. Boi it is bslisrsd that the rstttms of dissssis sis now gsiaiag 
in meemej, sm H esimot bs too stvongly urgcid on medkml oSioom, that fisffset soonrsoy in 
diignosis s dnty of tils higbiit kiiid. Itiimacb bettor to have s Ism hesdlJii of 
minad djeeasa^ tiun, wbiii In doabt, to pnt a case of disease under a haamns to wueli it bas no 

^^^MSLsdbwslein filrfliyi. Hailk,*' 1854, p. 805, forsofsnitaxaiiiplia* 
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Oroupa which wotdd be neceaaary to give any valus to EaquiroVs figures. 


First Group. 

Second Group. 

Tliird Group. 

Fourth Group. 



r Domestic 

( Sexual excesses. 

f Drinking. 

\ No drintong. 

Hereditary. 


troubles. 

^ No sexual excesses. 

f Drinking, 
i No drinking. 


No domestic 

1 Sexual excesses. 

f Drinking. 

\ No drinking. 



troubles. 

^ No sexual excesses. 

‘ ( Drinking. 

( No drinking. 



Domestic 

1 Sexual excesses. 

I ( Drinking. 

\ No drinMng. 

1 

Not he^editaly^ 


troubles. 

^ No sexual excesses. 

( Drinking. 

\ No drinking. 


No domestic 

1 1 Sexual excesses. 

1 Drinking. 

\ No drinking. 



troubles. 

^ No sexual excesses. 

f Drinking. 

\ No drinking. 


Having decided on the groups, their numerical relations are then expressed 
in figures, for example : — 

3. In order to express the relation of the smaller groups to the gross 
number of individual facts or units, a constant numerical standard must be 
selected, else comparison between groups of unequal number cannot be made. 
The standanl universally adopted in medical statistics is to state this relar 
tion as a percentage, or some multiple of a percentage. So much per cent, 
or per 1000, or per 10,000, is tlie standard. This is got simply by multiplying 
the number of units in tlie smaller group by 100, and dividing by the total 
number of units. Thus, let us say there occur 362 cases of pneumonia ; this 
is divided into two groups of recovered or died, say 343 recoveries and 19 
deatlis ; and their relation may be expressed in one of two wa 3 r 8 , viz., either 
by the relation of the deaths to the total number of cases, which will be — 


19x100 

= 5-248 per cent 

of mortality ; or by the relation of the deaths to recoveries, viz. — 

19 X 100 „ _ 

= 6*54 per cent 


4. Averages, or mean numbers, are calculated from ^ups. The inean 
number sought for is generally the arithmetic mean, that is, Ae numbw 
distant from the hipest and lowest numbers,* and standing in a defimte 
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. idstion to the whole series, so that the smn of all numbers aboTe it is exactly 
e^ual to the sum of all numbers below it. 

The ayeiage number whidi is obtained is never the true mean, but is 
merely approximative or probabla To say the true mean had been obtained 
in any case, would be to say that absolute accuracy had been reached 

The approximation of the probable average to the true average increases 
with the number of observations, and perhaps nearly in the ratio of the square 
root of the increase. The amount of error when an average is drawn can be 
determined by a rule derived from the calculus of probabilitieB, and is generally 
known as Poisson’s rule. ’ The error is exceedingly great when the numbw 
of observations are and in all cases (such as mortabty, curative effect of 
medicines, &c.)wit is right to calculate the amount of error by Poisson’s rule 
before forming any opinion as to the actual results. 

PoUmi's Rule for ccdeulating the Limits of Error, 

Suppose there are two events, E and say death or recovery, in a certain 
disease, and let 

m ~ the number of times that E has occurred. 

n ^ the number of times that F has occurred. 

§1 = the total number of cases (i.c., of death and recoveiy). 

So that 

If B represents the mean chance that the event E will occur, then it is 212 
to 1 that the mean chance will lie within the limits given by the following 
calculation — 



That is to say, two sums are to be done — 

If^, m and added to tiie square root of 2 x m h n, divided by and the 
product doubled 

2d, m ~ and mbtraeted fium the square root of 2 x m x n, divided by 
and the product doubled 

Exam^ given by Oavarret {Statieque Midieak^ 1840). 

Louis, in his work on Typhoid Fever, gives 140 cases, with 52 deaths and 
88 lecoveriea What is the mortality per cent, and how near is it to the 
true meant 

ms 52 s number of deaths. 

ns 88 « number of recoveries. « 

a 140 s total numberof esses. 

t.#?., 37 deaths in 100 esse% or more precisely 37,143 desths in 100,000 cases. 
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How near is this ratio to the truthi ^ The possible error is as follows— the 
second half of the fomula, viz. — 


Will be 




2 . m 


n 


o /2 X 52 X 88 

^ n/ (140)* ' =011660 to unity. 

(Or 11,660 in 100,000.) 

The average mortality being 37T43 per cent., or 37,143 deaths in 100,000 
cases, in these cases. It may be in other cases — 

37,143 -f 11,550 = 48*693 per cent. 

37,143 -11,550 =25*593 


Or, in other words, in successive 100 cases the mortality will range from 49 
per cent, (nearly) to 26 per cent, (nearly), so that Louis* numbers are far too 
few to give even an approximation to the true mean. 

In many cases the method by successive means is very usefiil. This con- 
sists in taking the mean of the mean numbers successively derived from a 
constantly repeated series of events (say the mortality to a given population 
yearly). Supposing, for example, the annual mortality in England to be, in 
successive years, 22, 23, 21, 26, 23, 21, 22, 28, 22, 21, per 1000 living, the 
successive means would be — 


22 + 23 22 + 23 + 21 22 + 23 + 21 + 26 

2 3 4 


and so on, until the numbers are so great as to give every time the same result. 
It is useful to calcidate the successive means in both the direct and inverse 
order, viz., from first to last, and then from last to first, /.c., putting the two 
last togetlier, then the three last, &c., so as to see if the variation was greater 
at the end of a series than at the l^guining. The degree of uncertainty is 
then the mean variation between the successive means.* 

The application of avei^es w’hen obtained is of great importance, but 
there is one usual error. The results obtained from an average (that is, frt)m 
the mean result obtained from a number of units, not one of which perhaps 
is the same as the mean result, but either above or below it) can never be 
applied to a particular case. On either side the average there is always a 
range, and the particular case may be at either end of the range. The use of 
the average is to apply it to an aggregate of facts, then supposing it be 
founded on a sufficient number of cases, it will be exact. But a particular 
case can never be judged of by the avenge. 

5. In addition to averages, it is always desirable to note extreme values, 
that is, the two ends of tlie scale of which the average is the mid<Be. To use 
Dr Quy*8 pointed expression, averages ^ numerical expressions of pro- 
babilities ; extreme vmues are expressions of possibilities. ***•* In taking too 
greet note of mean quantities, we may forget how great a range there may be 
above ^and below them, and it is by reminding us constantiy of this that 
PoissoVs role is so usef^ 

6. Statistical results are now frequently expressed by graphic representa- 


♦ The mesn error is beet obtsiaed by taking the square root of the sum of the aquare of the 

erroie; but the arithmetic mean enw— that ie, the sum of the errors divided by the nninber of 
saeiiae^vMatdtorablydose ^ 

t Oynopiedia of Anatomy and Phyeiology^Art « a 

2 Q 2 
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tfaxtiSi % certain space drawn to scale representing a number. The most 
siimple plan is that of intersecting horizontal and veitical lines. 

1^0 one horizontal (axis of the abscisssB), and the other vertical (axis 
of the ordinates)^ form two sides of a square, and are then divided into seg* 
ments, drawn to scale — ^vertical and horizontal lines are then let fall on the 
points marked ; the axis of the ordinates representing, for e^mple, a cert^ 
time, and the axis of the abscissse representing the number of events occurring 
at any time. A line drawn through the points of intersection of these two 
quantities forms a graphic representation of their relation to each other, and 
the sur&ce thus cut can be also measured and expressed in area if requir^, or 
the space can be plotted out in various ways, in columns, pyramids, &c. In 
the same way circles cutting radii at distances from the centre drawn to scale 
are veiy useful ; the circles marking time (in the example chosen), and the radii 
events, or the reverse. In the Eegistrar-General’s rejxats on cholera,* and in 
many of the works on the army, these plans are employecL For persons un- 
accustomed to figures, such graphic representations are most useful, and allow 
the mind to seize more easily than by rows of figures the connection between 
two conditions or events. It is possible to construct tables showing the relation 
of three variable quantities, but this is seldom re(]uired in medical statistics. 

Actuaries and statists employ in calculation branches of the higher mathe- 
matics in many ways, but into these points it is imjKissible for me to enter. 

Generally speaking, it may be said that the amount of sickness and 
mortality in a body of men show such wide variations that the mean 
error is always very great, and it requires a very large number of cases, 
and an extended period, to deduce a probable true mean. For this reason 
it is necessaiy to l>c cautious in apjxirtioning blame or credit to }>ersons, or to 
special modes of treatment, unless the numi)er8 are very large and accordant 
The circumstances influencing the result an\ in fact, very numerous, and the 
proper estimation of a numerical result is only possible when it is considered 
in reference to the circumstances under which it occurs. 

The most iinportant statistical inquiricts applied to health are — 

1. Birtlut to Poputatioti . — To obtain aU these elementaiy facts, an accurate 
census and proper registration are required It is only within the last few 
years that tlie most civilised nations have commenced these inquiries. 

2. Rpilative Number of Live and BtUUDonu of Fr^imaiure and Fulb Grown 
Chiidren. 

S. Number of Children Dying in the First Year, mth Sub-Groupe of Ser, 
and Months , — There ore two great periods of mortality in the first year, viz., 
in the first week, and at the time of weaning, about the seventh month. 

4. Amount of Sickness to Population. 

(a) Number constantly sick, grouped according to sex, age, occupa- 
tion, and diseases. 

(&) Average duration of ackness, &c. 

5. Amount of Yearly Mortality in a Population, or Deaths to Ptyfudaiion 
— The deaths are generally expressed as so many deaths to 1000 or 10,000 
living; but the deaths can be calculated in relation not only to the number 
living at the end of the time, but to that number a certain addition to 
be m^e on account of those persons who lived dttniig part of the tijfie, but 
died before its doaa But the difference is not maieriaL Grouped according 
to sex, age, Sec, 

6. Mean Age ai De^h of a Popidatum is the Sum of the Ages at Death, 


^ BesMttiklietli to the 'Uonniil of Urn Wnyd Vm»d Benke 
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dwided by the Deathe * — ^The mean age at* death expresses, of comrse, the 
expectation of life at birth, or the mean lifetime. It is no very good test of 
the health of a people, as a great infant mortality may reduce the age, though 
the health of the adults may be extremely good. 

7. Mean Duration of lAfe (vie rnoyenne ), — ^This is the expectation of life 
at birth ; at any other age than birth, it is the expectation of life at that age 
(fA taken from a life table) added to the age. It is no good test of sanitary 
condition or health. 

8. Prohahle Duratwn of Life (vie probable ; probable lifetime) is the age 
at which a given number of children bom into the world at the same time 
will be reduced one>half. (See table, p. 474.) 

9. Hsxpeetation of Life^ or Mean Future or After Lifetime . — ^This is the 
true test of the health of a people. It is the average length of time a person 
of any age may expected to live ; and in order to construct it, we must 
know the number of the living, their ages, the number of deaths and the ages, 
and the other changes in the jK)pulation caused by births, emigration, immi- 
gration, &c.* It does not, of course, follow tliat any particular person will 
live the time given in such a table ; he may die before or after the period, but 
taking a large numl)er of cases, the average is then found to apply. life- 
tables show at a glance the expectation of life at any age, and a part of Dr 
Farr's new Ufe-table for England is given farther on. 

It may be useful to subjoin a few tables for comparison with army statistics, 
or with the vital statistics of the nations among whom the army is serving, if 
they can be procured. 


Ratio constantly Sick ami Mmiality amomj the general Male Pop^datwn 
in England arul Wales. 

(ThiB and the following table are useful for comparison with the illness of soldiers.) 


Age. 

j Mortality per cent. ' 
Numlier {>er ot*ut. con- ! of the whole popula- 
stantly sick. ! tion—sick and well. 

16 to 20 

D5938 

1 (Neison.) 

•730 

21 

25 

1*6469 \ 

*974 

26 

30 

1*7335 J 

31 

35 

1*7785 ] 


36 

40 i 

2*0611 J 

^ , 

41 

45 ! 

! 2*5852 I 

l 1 1-452 

46 

60 ! 

3*3048 

51 

55 

4*4675 : 

I 2-264 

66 

60 

6*3025 

61 

65 

10*5736 

4-269 

66 

70 

21*4000 

71 

76 

35*3960 


76 

80 

50*1088 



* The early life-tablee were very imperfect. Halley *s table (Plulo^I^cal TFaiisactioiM) 
was die earUeat, and was framed on the tables of the deaths in Bre^u during five years only 
(1687-1691), as given by Caspar Keumann ; as the numbers of the ^ 

known, the calcnlatlon was very biooiTect In 1746, Denarcieux pubhslied a Iw^Jhfe-table ; 
and tniiie^ettUy, Smart oonstrueted a table from the London bills of mo^Uty|^ vddch vwis 
8irnj)son in 1752 ; in Germany, SUasmilch constructed a similar Uble in 1761. 
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Aft Ik mki it appears that for every death in England there are two per<> 
constantly ftick* Then, among the whole jkopulation there are, we will 
say, 22 deaths yearly per 1000. Then there will be 44 persons per 1000 
constantly sick. 

WeekBper Annum Lost by Sickness by Members of Friendly SoeieHesfrom 
Twenty to Seventy Years of Age (Ndson.) 



Average Sickness per to each Person in Weeks or Decimals of a Week. 

Age. 

Koial District. 

Town District. 

City District. 

The Three Districts 
combined. 


•8387 

•8564 

•5659 

•8398 


•8630 

•8649 

•9650 

•8744 


•8753 

•8794 

1-1059 

•9107 

35 

•8991 


1-2372 

•9836 

40 

1-0677 


1*4663 

11808 

60 

1-5896 

2-5559 

2*3831 

1-9603 

60 

3-8531 

4-9132 

4*4973 

41657 

TO 

141949 

15-4995 

9*9610 

14-0391 


The average yearly amount of sickne8« given in the earlier tables of friendly 
societies (viz., in the Highland Society’s and in Mr Ansell’s tables) is loss 
than this, and is, in fact, too low. Owing to this error, almost all the 
earlier friendly societies have broken down. The sickness has been more 
than 80 per cent above tliat calculated on by the earlier societies. 

It must be remembered, when comparing this sickness with that of soldiers, 
that members of friendly societies are generally well-conducted, sober, well- 
to-do men, and do not report sick for trifling ailments, as soldiers do. 


Mortality per 1000 Living per Annum. 

England and Wales. 

Males. Females. Both Sexes 

Per 1000. Per 3000. 

2315 21*58 22-36 

For 103 deaths of males, there are 100 of females. 

Taking both sexes, and the average of 22 years ending with 1859, tham is 
1 death to 45 living. 

In 1859 it was 1 in 46 
„ 1860, „ 1 in 46*85 

1860 was one of the healthiest years ever known in England. 


Msles. Females. 

1 in 42*76 1 in 46*33 


Both lliest arm wwlisi. Is 1771, Price pobllsbed his work ** On Retersioiukiy Paymeiita,** In 
whkh were eoatsined the oeJebmied Northampton tahlee. In France, Oonihkra soon afttf 
constmcieii ahnilar tables. Other have been pablislu^ by Leonti (for SasoavL 

aiietelel(forBi%iiin), HenadilliWi he., afl of which am mom or leJ 
the Cariiaie tables winv prMMiad soaie time after the Northamiitoii, but mfenad, I beileve, te 
inierkNlUttktaiirttotlMfiimwtelte vp b,rtadM«MiMd 

Ifmiaii, nd is MM w WMiWwit life-UU^ dawn op bjr Dr fur, «w nuMUM to til* ' 

Aanr Ufc;trtdi^kwd«wfl»«*Miwof ISM.^lntoU^ r-'j 
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The mortality in the healthiest districts is from 15 to 17 per 1000 livmg. 
,, imliealihiest „ ,, 26 to 30 ,, ,, 


Scotland. 

The aiiimal death-rate in Scotland is less than in England, being 21 per 
1000 (both sexes). This is chiefly from the salubrity of the roial districts, 
as the mortality of the large towns — Glasgow, Leith, &c. — ^is very hi gK 


Mean of 5 years, 1855-9, 
Mean of 16 years, 

In 1859, . 

In 1860, . 


France. 

Both 8ezM. 
Per 1000. 

24-58 

23-97 

26-70 

21-39 


1 in 40-68 
1 in 42 
1 in 37-45 
1 in 46-7 


(These variations arise from an imperfect registration.) 


Pniseta. 

Both sexes, .... 26*58 per 1000, or 1 in 38. 

Austria. 

Both sexes, .... 29*95 per 1000, or 1 in 33. 

Russia. 

Ik)th sexes, .... 35*90 per 1000, or 1 in 28. 

1 n Central Europe, 1 person dies annually in 36 of the population. 


Mortality ][fer cent, per annum {according to Ages and Sexes) in England 
and Wales. Mean of 10 Years, 1845-1854. 


Age. 

Males. 

Females. 1 


Percent 

Percent 

0 to 4, 

7-356 

6-343 

6,. 9, . . 

-916 

-895 

10 „ 14, 

-623 

'546 

16 „ 24, 

-833 

-863 

26 „ 34, 

1-015 

1-083 

36 „ 44, 

1-309 

1-293 

46 „ 64, 

1-895 

1-617 

66 „ 64, 

j 8-226 

2-856 

65 „ 74, 

1 6-765 

6-104 

76 „ 84, 

i 14-991 

13-662 

86 „ 94, . 

i 30-2« 

28-076 

96 and upwards. 

i 45-219 

45-226 
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HeaiUhy Dietrieta in England, Mortality per Cent. (1849-1863). 



Alter tlie Ibvt jrear the c^cee of living increiwe up to ^ fourth jreur ; 
the fifth yeur u nearly as g(»ii, and then the chance* of life IttUMO, but at fiwt 


• AW^ ftow Dr Ftot'* tih '^a*. wmrtnictwt (Wtttf cenmu oflMl, aad paUlalMd to ISM. 
.t ftom HMdtto* MiMrtotto "Stottoictl Joamal,” DMMnbtr ISU. Thaanmhm 
ftrcD I9 Watfcatto forfiirMni, and Keneboom for HoUmd, nn •lightly difltoMt. 
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slowly, and then more rapidly. From five to forty years of age the expecta- 
tion of life lessens in the ratio of from 2^ to or 3f years for each quin- 
quennial period. It may he useful to ^ve a table n*om to show the 
expectation of life in the most healthy ^tricts in EnglandT The mean age 
at death is seen from this table. Of the whole population in those districts, 
it is 48*56 years for males, and 49*45 years for females. The mean age at 
death of those males who live 5 years is 54*39 years, &c. 


Healthy Districts {England!) Life-Table {Farr, 1859). 


Age 

(or Post-life- 
time). 

Males. 

Females. 

Mean After-life- 
time of Moles 
of the Age x . 

Mean Age at 
Death of Males 
actually living 
at the Age x . 

Mean After-life- 
time of Females 
of the Age x . 

Mean Age at 
Death of Females 
actually living 
at the Age x . 

X , 

h 

11 

HB 



0 

48*56 

48*56 

49*45 

49*45 

5 

54*39 

59*39 

53*93 

58*93 

10 

61*28 

61*28 

50*88 

60*88 

15 

47*20 

62-20 

47*04 

62*04 

20 

43*40 

63*40 

43-50 

63*50 

25 

39*93 

64-93 , 

40*18 

65-18 

30 

36*45 

66*45 

36*35 

66*85 

35 

32*90 

67-90 

33-46 

68-46 

40 

29*29 

69*29 

30*00 


45 

25*65 

70*65 

26*46 

71-46 

50 

22*03 

72*03 

22*87 

72*87 

55 

18-49 

73*49 

19*24 

74*24 

60 

15*06 

75*06 

15*69 

75*69 

65 

12*00 

77*00 

12*58 

77*58 

70 

9*37 

79*37 

9*85 

79-85 

75 

7-15 

82-15 

7*52 

82-52 

80 

5-37 

85-37 

! 5*64 ' 

85*64 

85 


89-01 

I 4*19 

89-19 

90 

2-99 

92-99 

3*11 

93-11 

95 

2*25 

97-25 

1 2*32 

97-32 

100 

109 

101-69 

i 1*75 

1 

101-75 


Duration of Lifi\ 

In the healthy districts iu England tlie half of 100,000 children aro dead 
between the 58th and 69Ui year, so that the prol>able duration of life in such 
districte is between 68 and 59 years (58 years and 10 months nearly). The 
probable duration of life in healthy districts a^any age can be calculated fi?om 
the following table. Thus, supposing a person is 30 y<^ of age; at that 
age there are 69,792 persona living ; Ure half of this is 34,896, ^d this 
number is reached (nearly) at 70 years ; the probable diuration of life at 30 
years in the healthy districts of England is then (70 -- 30 = ) 40 years. The 
number dying in each period can bs ealcidaU»d from the table ; thus, in the 
first year of life there die (100,000 - 89,705) 10,295 and m on. 













474 


STATISTICS. 


ProhabU Duraticn of Life. 

Tabls to show ^6 probable duration of life in what is probably the most 
healthy country in the world, viz., in the healthy dis^ts in England 
(Farr): — 

In 100,000 children (both sexes) bom alive. 


Age. 

Living. 

Age. 

Living. 

Age. 

Living. 

0 

100,000 

25 

72,755 


34,278 

1 

89,705 

30 

69,792 

75 

24,721 

2 

86,700 

35 

66,794 


14,971 

3 

84,815 

40 

63,756 

85 

6,996 

4 

83,510 

45 

60,602 


2,265 

6 

82,459 

50 

57,203 

95 

446 

10 

79,525 

55 

53,408 

mSM 

46 

15 

77,857 

60 

48,855 

Bn 

2 

20 

75,600 

65 

42,460 

■■ 

1 


ProbaUe Duration of Life in otiier Countries, 

Of 10,000 tihildren bom aliv<^ there ^live at the several periods noted 
below : — 


Alter the coarse of 

In ProHsia. 

In Baden. 

In Belgium. 

1 year, 

7506 


7753 

2 ,. 


6550 

7054 

3 ,. 

6316 


6653 

5 „ 

5825 

5872 

6244 

10 „ 

5301 

5614 

5825 

15 „ 

« • 


5602 

20 „ 

4852 

5198 

5345 

> 25 . 

4572 

4969 

4999 

1 30 „ . 

4303 


4675 

I 35 . 

4030 

1 4476 

4382 

i 40 . 

3748 



! 45 „ 

3417 



1 50 „ . 

3078 

3539 

3478 

55 „ 

2688 


8117 ! 

60 „ 

2264 


2724 1 

65 „ 

1735 


2246 1 

70 ,. 

1242 

1435 


75 

768 

822 

1127 

80 

399 

348 

686 

86 „ 

160 

no 

346 

w . 

51 

23 

68 

96 „ 

. ■ . 

3 

16 

100 „ 

c. 

... 

1 
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Oti in other words, there die in Prussia in the first year of life 
(j^0,000 - 7506 « ) 2494 children, or one quarter of all bom living. 

Belative Number of Mode and Female BirthU 

To every 1000 boys, there were bom : — 

In England (1839), . 954 girls. In Prussia (1852), 942 girls. 

In England (1856), . 959 „ Belgium and Holland, . 940 „ 

In France (1836-40), . 943 „ Sardinia (1828-37) . 951 „ 

In France (1851-55), 947 „ Canton Zurich (1850-52), 953 „ 

SECTION II. 

ARMY STATISTICS*. 

At the close of the Peninsular War in 1814, Sir James M^Grigor com- 
menced the collection of the statistics of disease and mortality in the English 
army, and during the course of the next twenty years, a great amount of 
valuable evidence was accumulated. In 1835 Dr Henry Marshall (Deputy- 
InsjKsctor of Hospitals, and one of the mast pliUosophical surgeons who have 
ever sensed in the English amiy), commenced to i>ut these returns into shape, 
and the late Major-General Sir Alexander Tulloch, K.C.B. (at that time a 
lieutenant in the 45th Regiment, employed in the \Var Office), was associated 
with him. In the following year, on the retirement of Dr Marshall, Dr 
Balfour, the present head of the Statistical Branch of the Army Mescal 
Department, was a])pointcd as his successor, and in conjimction with Sir A. 
Tulloch, brought out the series of reports on the health of the army which 
have had such influence, not merely on the causes of the sickness and mortality 
among soldiers, but indirectly on those of the civil population also. In 183^ 
1841, reports were issued of the following stations. United Kingdom, Medi- . 
terranean, and British America, West Indies, Western Africa, St Helena, 
Cape, Mauritius, Ceylon, and Tenasserim. 

These returns included the years 1 827-1836. In 1 853 another report, con- 
taining the stations of the troops in the United Kingdom, Mediterranean, and 
British America, including the years 1836-1846, was prepared by the some 
gentlemen. 

In these ro|ioris, in addition to the statbtical analysis, short but most 
graphic and comprehensive to])ographical and climatic accounts of the difier- 
ent stationa were given. 

The effect of Uie»c!» several reports, and especially of the earlier issues, was 
to direct the attention of the Govemment, both to the fact of an enormous 
fiicknesa and mortality, and to its causes, and then commenced the gradual 
aeries of improvements which at a later jieritKi were uiged on by Lord Her- 
bert with so much eneigy. 

The Russian War of 1864-1655 preid!(nted any further publication until 
1859, when yearly reports were commenced by Dr Balfour, and have been 
regolarb issued sinca In Uie report for 1860, Dr Balfour has given a sum- 
maiy of the earlier and later mortality of the different stations before and 
after 1837, which ^ows a rdbuirkable cUfference in favour of the later 
periods as regards both sickness and mortality.t 

• TIm fbort niiiiiiiaiy of tli* histoty of the Army ButiKticel Reports is chiefly tek«i from Br 
eceoaiil, in the Army Mediosl Reiion for 1860, p. ISl. 

t fntlit ehapt^ on Inma, I have menliontd the chief tUUsticel pepers which i«isr to that 
eottstry. 
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SuB-SsonoN L 

Witli respectto soldiers in time ofpeaee^ the statistical evidence is required 
to show the amount of benefit the State receives from its soldiers, and the 
amount of loss it suffers yearly from disease. Tables should therefore show — 
1. The amount of loss of strength a definite number of men in each arm oi* 
the service suffers in a year — 

(a,\ By deaths, or, in other words, the morhility to strength. 

(6.) By invaliding from disease,* for if tliis is not regarded, different sys- 
tems and modes of invaliding may entirely vitiate any conclusions drawn 
from the mortality. 

The groups thus formed must again be subdivided, so as to show — 

I 'a.) The causes of death or invdiding. 
k) The ages of those who die or who are invalided 
e,) Their length of service. It is of great importance to determine tlie 
influence of service in every year, and these groups should be again divided 
by ages. 

2. The loss of effective service a definite number of men — say, 1000 in each 
arm — suffers during a year. This is best expitjssed as follows : — 

(a.) The total number of cases of disease in a year; i>., the number of 
admi^ons to hospital per annum. It must lie undorstofnl that this dexis 
not express the number of men admitted, as one man may l>o admitted two, 
three, or even ten times with the same disease ; each ailmission counts as a 
fresh casa It would be veiy' imjjortant to have another table showing the 
number of men admitted for different diseiUM^s, or, in other wonts, the numljer 
of cases of readmission for the same disease. 

(b,) The numl>er ^instantly sick on an average. This is often calleil the 
sick population, and is obtaine<l most easily in army hospitals by dividing the 
numW of diets issue<l in a year by the piirvey«»r by 365, or luliHng all the 
“ remaining** on the daily or weekly states together, and dividing by 365 or 
52, as the case may lie. 

(e,) The total number of days lost in a year b) the service by illness hy Uu? 
1000 men, and the numljer of days pc^r head. ITie numl>er of the sick fiopu- 
lation (that is, the number constantly sick out of, say 1000 men) multiplies! 
by 365 and divided by 1000, or by the iiuinb<5r funiishing the sick, whatever 
t^t may be, gives these facts. 

(d.) The mortality in relation %<} sickness. 

The group constituted by the sick must then 1)e subdivided by dist^aaes, 
and often it is useful to make other lesser groups by distributing the causes 
of sickness under ages or length of service. 

There are a few {>oints which reipiire attention. The amount of sickness 
and mortality is calculated on the mean strength, that is, the iiumlier of men 
of a teghnent jiresent at a certain station on the muster days divided by thi^ 
number of muster days. But it mtist be undersUKKi iliat this includes the 
siek men in hospital as well as the healthy men, and therefore does not 
perfectly express die amount of disease among iiie healthy men. Also some* 
times the master rolls of a rc^ment include men on detachment at some dis« 
tanoe, whose sickness is not atfributable to the headquarter station. The 
French in their late Army Statistical Ih^um (for 1862) make two headings, 
one of ^^mean strength** {effeetif moymne\ and the other of ‘‘present*’ 

• Uswli7]Wfdisisordisi^iaigi,fX]>i^^ imjsrtiieaiiimtSi slid dis^ 

from tlM snujr, intistsim la^piiiiindsr sqaiiiito bsadiass; hut tbejisdlcsl oassriiastietliliiiUi 
do with tbit point, to use tbit meb oiiMi srs not confoanded iHIb bivifidtng from dkssse. 
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(^prSmtt$)i the men in hospital not being included in the latter. Moreover, 
in the French army, nearly onensixth are always absent on leave ; and the 
deaths of those on leave are included among the army deaths, ^ut the sickness 
is not so. Consequently, sickness has to be calculated on the ntunber not 
on leave ; deaths, on the total strength. In the French army, of&cers are in- 
cluded with the men ; in the English, separate returns are made. 

It is often difficult to get the mean strength if there are many changes of 
troops, and instances of erroneous calculations from this cause are not un- 
common.* ** 

In calculating also the effect of age and length of service upon disease and 
mortality, it is necessary to know not only the ages and length of service of 
the sick men, but of the healthy men also, and to calculate out the proportion 
of the sick to the healthy at that particular age or length of service, otherwise 
very erroneous conclusions might be drawn. For example, it might appear 
that sick men under nineteen years of age were very numerous in proportion 
to other years, but in a young army the greater number of the force might be 
of this age. (.'are is necessary in all these points to arrive at correct conclu- 
sions. 


Sub-Bectiox II. 

In time of war the statistics must be slightly altered in form, though the 
same in principle. Ihe object is to show as completely as possible to the 
General in command what amount of loss his anny is suffering at the moment, 
luid to what extent it may be exi)ected to suffer, and also what are the 
causes of such sickness. 

The sickne.s8 here must not only be calculated on the mean strength (which 
will include the men in hospital), but also on the healthy men, or those actually 
under anus and effective. If the sick are counted in the strength, the sickness 
of the anny may bo much understated. What a General wants to know with re- 
gani to sickness will Iw these iK)iuts : — 

1. How lutuiy men am 1 losing daily from the rank and file actually serving 
with the colours 1 

2. How many are replaced by discharge from hospital ? 

3. What is Uie balance, gain lU* loss '? 

4. If my effective force lo.^^ ilaily, when this balance is struck, such a per- 
centage, what will Ikj its loss of strength in a week, in four weeks, in six 
weeks, Ac, I 


* 1 ffuhivin one which Dr Balfour has giveu. It will be seen that an unhealthy station 
<Maiittlt|Mitatii) in India is credtUnl with a much greater degree of health than it i^ly was 
enUilwi to, and the annexed extract from Dr Balfour’s paper lEdin. Med. and Surg. Jour., Ko. 
172), shows clearly how tlie mistake arose 

** The (MadrsaJ Medical Boanl, in submitting to Government the table from which theM 
figuies are computed, stated that the ratio of mortality among all the European regiments in 
the Presidency mim January 1818 to December 1819, was 6*^ per cent. ; while that of the 
rwimeuta at Maaulipatatn, from 1813 to 1832 tnclimlve, was 5*100 [wr cent. They then add>- 
* l^e rata of mortality having been somewhat lower than throughout the rest of the Pre^ency 
for each a period, gives reason to conclude that the station cannot be considered under ordinary 
drotunstances as unhealthy.’ Now, the Board appears to have arrived at this conclusion ftom 
an onor In the mode of oucalatiiw the ratio. In several of the years between 1813 and 1882 
the regiments were quartered at MasiUipatain during part of the year only. It must be obno^ 
to any one oonveraant with the prindphM of atatisiics, that in such a case a proportion ox the 
amittal iti«n|th only should be taken, corresponding with the (period for which the regent 
wii quarteiea there. Thus, if the period was nine months, the sickness and mortality would 
he GMoulated on threedouiths of the etrength ; if eight months, on two-thirds, and so for^ 
The Bonrd, however, have made the ealoilstton in every inirtanoe on the avwrsgeaiinnsl^stienffm 
wtUiout nay such dMuotloa. Had the neoesenry correction been made, the ftom 1818 
Id 1882 would have been found to neeiuge 6*894 per cent, annually, Instead of 5*X6(^ as above 
stntad.^’ 
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5. What SIS the caused, t.e., what ore the diseases which are causiiig this 
siokxiesB, and how are they effected by special cuoumstanoes of age, particular 
aenice, or arms, or other causes t 

The mortality in war should be calculated on the mean strength^ that is, 
on the total number of healthy and sick, and on the sick alone, so as to xepre> 
sent both the loss of the army and the fatality of the sickness. 

List of StcUutieal Returns required in ttie Army. 

1. Weekly Sick Return — Home Service (form 294). 

2. Weekly Sick Return — Foreign Service (form 294a). — Nearly the same, 
but a heading not yet diagnos^*’ and two fresh columns are added for 
references to soconda^ diseases. Also a form for the names of men whose 
diseases have been changed during the week. Some other forms relating 
to draughts, &c. 

3. Weekly Sick Return — Active Service (form 151c. ) — Same as home return. 

4., Monthly Return of Men Vaccinated (form 1118). 

5- Quarterly Sick Return — United Kingdom (form 893). — The headings 
for this are more numerous than in the weekly returns. Meteorologies 
observations required. 

6. Quarterly Return (form 893a). — Duplicate of a portion of above. 

7. Quarterly Return (form 893b). — Foreign stations. 

8. Quarterly Return (form 893c). — Duplicate? of jwirt of the above. 

9. Annual Return (comprising ten lesser retunis and mcU^rological obser- 
vations). 

To accompany this return are — 

1. Import of meilical transactions (see Med. Reg., p. 107). 

2. lietum of recruits. 

3. „ o|)erations. 

4. „ deaths. 

5. men of other coqia 

6. „ castialtioH. 

10. Return of Sick on Board Ship. 

11. Return of Wounds and Injuries Received in Action (form 151). 

12. Return of Wounds and Injuries Received in Action (form 151 a). — S ame 
as above, but extending over a dehuite time, not after a single action. 

13. Wee^y Return of Admissions into Hospital from Men Occupying Huts 
and Barracks resjiectivehj. 

14. Medical History of an Individual. 

15. Return of Mcflical Officers. 



BOOK II 


THE SERVICE OF THE SOLDIER 

In the First Book, the general principles of Hygiene were illustrated, as far 
as possible, by examples drawn from the life of the soldier ; but this does not 
exhaust the subject It is necessaiy to consider a little more particularly 
the nature of the service of the soldier, and the influence it has on him. At 
the same time, it will be unnecessary to return to various points already 
sufficiently discussed in previous chapteia. 

The life of the soldier is conveniently divided into five epochs ; the period 
of entrance on \m new life, and his first yeaFs service — ^his service at home- 
abroad — on board ship — and during war. These five chapters include all 
that is important. 


CHAPTER I. 

THE RECRUIT. 


In the English army, young men are enlisted at or after seventeen or eighteen 
years of age,* unless they are intended for drummers. They must be of a 
certain height, which is fixecl by regulation from time to time, according to 
the particular arm^ and to the demands of the service. There must also be a 
special girth of the chest. 

In time of war, the measurements are reducetl according to the demand for 
mcm ; and even in time of peace, the necessary height of the inlantiy recruit, 
usually 65 or 66 inches, has been somet imes only 5 feet 4 inches. Before the 
enlistment is compleUxl, the recruit is examined by a medical officer, imd then 
by the staffeurgeon of the recruiting district, accoxding to a scheme laid down 
in the Medical Itegolationst (p. 99). The scheme is a very good one, and aixna 


* la letlity, Um y aometiniM eallst aadw Uik am. 

f For a fSu aooount of the avattm of ramitiog, the roods of examination, and mnek aa«^ 
taioiaiitloa ea diaabUitki, aaa a froper by BrlSawford in the ** Army Medical Report for 
1864. 
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at iiiTestigatmg, as fcur as can be done, the mentd condition ; the senses i; the 
general formation of the body, and especially of the chest ; the condition 
of the joints ; the state of the feet; the absence of hernia, varicocele, piles, 
Ac. ; and the condition or physical examination of the heart, lungs, and 
abdominal organs generally.* A certain girth of chest according to the 
height is required. 

A Horse-Guards* order (No. 806, 14th January 1862), fixes the height and 
girth as under : — 


TlASIM formed to show the limite of Age, Standard Height, and Girth of Cheet, 
of J^oruite, required hy General Order, No. 806, dated Horse Guards, \ith 
January 1862. 


Conn. 

Lhuite of 

Age. I Height. 


Yean 

Inched. 


niaUnam of Girth of Cheat iieooitling to VarUi- 
tlona in Height in differeiit Corfia. 


For Height of 


Girth of Cheet nmet be 


Catauit— 
HOAfT . 

Medltun 
Ucht . 


Min. Max. Min. Max. 


18 S6 
18 


71 i 70 inchee end opwenls 35 inchoA 
69 I 68 inchee And under 70 34 „ 

68 66 inchee And under 68 33 .. 


Miaitaxt TttAiii . 


I 63 inchee to 66 Inchee | 84 


Rotai. AmmLBXT— { 

Qoiiaen 18 ^ 35 67 A upwArde Seme ee CMttitj 

Qroviag Lade ... 17 under 18 66 A upwArd^ Kot detlned 

PiiTeni 18 { 25 64 ( 66 64 inchee to 66 tnebee 

ArttSeen ...... Not deflned 66 A upwAid* Not dcSned 

SOTAL E»initxx»~ 

SAppere 18 25 66Aop«rArde SAine Aa CACAirf 

Drimi 18 25 64 ( 66 64 inchee to 66 inchee 


IvFAirrBT* i 17 

CblnA. lodiA, St neleoA * m 
AKewSonth WaIc* .) 

RiSe BrigAde And 60ih» 
Segimeot , f 

Cate Momrso Rfrue. . 16 

Bofe And Lode .... 14 

Boja and lAdelhr R B. . 14 


25 66 A upwerde Same Aa CACAlrf 

25 64 I 66 64 inchee to 66 inchee 

35 66 A upvArda Saine ai CAVAlry 
25 66 A upvATd* SAine aa CAvalrp 


Seme ee CATAlrf. 
Not deflned. 

34 Ineheai 
Kotdeiliiod. 


•Seme A« CAvxh 7 . 
34 inchee. 

Saum ee CavaIo- 

SnnM At CAVAlrj. 


! A upwArde 66 inchee end upwArde 34 tnchet. 

60 t 61 Kot deflned Not deflned. 

In the proportion of one boy to one hundred men. Height 
end cheat meeanrement not defined. 


The reenilt le to he aeAesred loond the cheat in a line over tl»e nirolea. with hit tmie piteed 
Mfsigbl Above hie beMi, the hAche of hie htnde touching etch other, tod the edge# of the feel cloee 
together, asd at the aAme time made to count the aurobeve from one to ten, in a toud tone of voice and 
ilowty. 


* By Hocie4}aarde* order of 4th March 1864. the eiandard for Infontry reemlta wee reduced 
to 65 Inchee, the meeanrement round the cheet helng 83 Inchee, except for rifle corpe^ when it la to he 
Mlachen 


After joining hia regiment, he u again examined, and may rejected, if 
any defiart is ducoTered Rejections may take place then either at the {ninuuy 
or secondary inspection. 

BoUi the sTerage.w^^t sod height, eqpecisUy the latter, will vary with 
die demand men. 

The trades of the men Amiuhing the recruits, most also vary greatly fttnn 
year to year. 

In IwO mid 1861, out of ereiy 1000 recroits all parts of the kiimdom, 

laboniem, hnsbandiniini, and servants, fumubed about one-half; mswaniea 


* AstIw Medhial I hgBistte B ssisfathehsBdeoreninedkalcAeere, Hto sB BiBm i Wte BP 
detail «B Ode polat Myes B ia f e , Profawer LoegBi^ aiee to the Amqr»*Oeal 
SdhoriaM fevBi ed wsiia ii Wee, aWsb nadem it eliBMtbiipMrfMs tint aay fntst AobM 

Of OVflfloolMa. 
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employed in oooupationB iavotuabie to physical development, about one< 
quarter ; manu&cturing artisans (as cloth-workers, weavers, &c.), about one- 
sixth ; ^opmen, a little less than one-tenth ; and the small remainder was 
made up of professional occupatio]^ students, and boys.* 

Ihe average weight of the British recruit, as given by Dr Balfour, was, 
among 10,000 recruits : — 


WWOHT. 

1B60. 


1862.« 

Below 100 lb, . . 

157 

209 

411 

From 100 to 110 „ . . 

663 

366 

117 

„ 110 „ 120 „ . . 

2,296 

1,651 

1,183 

„ 120 „ 130 „ . . 

2,817 

2,581 

2,458 

„ 130 ,, 140 ,, . 

2,090 

2,539 

2,831 

„ 140 „ 150 „ . . 

1,254 

1,679 

1,761 

„ 150 „ 160 „ . 

488 

652 

805 

„ 160 „ 170 „ . . 

180 

240 

330 

Above 170 

55 

84 

74 


10,000 

10,000 

10,000 


The height was as follows in the throe years : — 


Height. 

1860. 

1861. 

1862. 

Under 63 inches, . . 

63 to 64, „ ... 

64 „ 65, „ . . . 

65 „ 66, „ ... 

66 ,, 67, „ ... 

67 „ 68, „ ... 

68 „ 69, ,. ... 

69 „ 70 

70 „ 71 

71 72, 

Over 72, 

150 

580 

2,409 

2,075 

1,764 

1,243 

811 

480 

293 

138 

57 


419 

66 

592 

816 

3,106 

2,358 

1,308 

767 

350 . 

160 

69 

10,000 

10,000 



The number of recruits drawn from each division of the kingdom varies 
wdth the state of trade, degree of distress, emigration, &c. In 1860 and 
1861, of every 1000 recruits, 548j^ were English, 131| Scotch, 314 Irish, and 
6 foreign and colonial 

After the recruit has been enhsted and approved, he joins his depot or his 
regiment ; receives his free kit,*whioh he sub^uently in part keeps up at his 
own cost ; and is put on the soldier's rationa He enters at once on his drill, 
which occupies fi^m 3^ to 4| hours daily. Wherever gymnasia are esia- 


For (Urtiier detailed informatimi, aee Dr Ball!oiir*s reports in the ** Army Medieal Bepori.** 

2 R 





















482 


THE BBCRUIT. 


Uididd» he goes through a two-month coarse of gymnastic traming for one 
hour fiiveiy day. He then goes to rifle drill, which lasts about sue weeks, and 
the ranks. After the rifle drill, he has another month’s gynmastic 
trainmg, and is then supposed to be a flnished soldier. 

The total number of rejections, either at once or after re-examination b^ a 
second medical officer, on various groimds, of men brought by the recruiting 
seijeant to the medicad pflioer, varies somewhat from year to year. The ratio 
in 1860-61 was 293 per 1000, and in 1862, 401 per 1000. Of these rejections, 
some are primary (t.c., at once by the examining officer), and some secondary 
by the staff-surgeon of the district or at the headquai^rs of the regiment) 

About fths of the rejections arise fri>m causes connected with general bad 
health or feeble constitution, and 4 th from causes affecting the marching 
powers of the meii (llalfour). 

In the French army, the height was fixed in 1860 at 69 inches (1 *76 metres) 
for the c^biniers, and 61 J inches (1-56 metres) for the infantry of the line. 

The rej^tions in the French conscription includes men rejected for insuf- 
ficient height, as well as reasons of health. Excluding the former, the 
exemptions from infirmities amount (1850-58 inclusive) to 267*6 per 1000.* 

Such being the system, it will be desirable to consider certain points. 

1. The Age qf the Meeruit . — Strong opinions have been expressed by 
Ba llinga l l (KngliA army), lAvy (French army), Hammond (American army), 
and other army surgeons, that the ago of 17 or 18 is too low — ^that the 
youn^t recruit should be 20 or 21 years of age. 

This opinion is based both on actual experience of the effect produced on 
boys of 17 to 20Vhen exposed to the hardships of war, or even to heavy 
duty in time of peace, and on a physiological consideration of the extreme 
immaturity of the body at 18 years of age. 

With regard to the first point, there is no doubt that to send young lads of 
18 to 20 into the field, is not only a lamentable waste of material, but is 
positive cruelty. At such an age such soldiers, as Napoleon said, merely 
strew the roadside and fill the hospital. The most effective armies have been 
those in which the youngest soldicnt have been 22 years of age. 

With regard to the second, it is also certain that at 18 the muscles and 
bones ore very immature, and, in fact, it is not till 25 years of age, or even 
later, that all the epiphyses of tHe bones have imited, and that the muscles 
have attained their full growthJf 

The epiphyses of the transverse and spinous processes of the vertebne 
hardly commence to osoffy before 16 years of age, and it is not till after 20 
years that the two thin circular plates form on the body of the vertebrse. The 
whole process is not completed till close on the 30th year. The consolidation 
of the sacrum only commences at the 18th year, and is completed from the 
25^ to the 30th. The fourth and third bones of the sternum are only 
muted between the 20th and 25th years, and the second is not united to 
the tiiird bone before the 35th year. The epiphyses of the ribs com- 
mence to grow between tbe 16th and the 20th yeani, and are completed 
Iqr the 25th year. The epiphyses of the scapula join between the ages 
of 22 and 25, The e^physis of the clavicle begins to form between the 
18ih and 20th veara The internal condyle of the htunents unites at 18, but 
the upper epiphyw does not join tiU the 2001 year. The epiphyses of the 
island ulna, Om femur, the tibia, and fibuU ui^oii^atlS years, 
and are not completely joined till 25 years, Tlie epiphyses of the pelvic 


f '^Oieutti el tbe Eeenilt sad Yo^r SoMBer,’* tm. 
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bones (viz., ciest of ilium, spine, and tuberosity of the ischium) begin to form 
at puberty, an^lare complete by the 26th year.* 

That the muscles are equally immature is just as certain ; they grow in size 
and strength in proportion to the bones. 

These facts show how wrong it is to expect any great and long>continued 
exercise of force from men so young as 18 and 20, and what will be the 
inevitable consequences of taxing them beyond their krength. 

Are we, then, to conclude that the soldier should not be enlisted before 20 1 

It appears to mo that the case stands thus. If the State will recognise the 
immaturity of the recruit of 18 years of age, and will proportion his training 
and his work to his growth, and will abstain from considering him fit for the 
heavy duties of peace and for the emergencies of war till he is at least 20 years 
of age ; then it would seem that there is not only no loss, but a great gain, by 
enlisting men early. At that most critical period of life, the recruits can be 
brought under judicious training, can have precisely the amount of exercise 
and the kind of diet best fitted for them, and thus in two years be more fully 
developed, and be made more efficient, than if tliey had been left in civil life. 

2. I7ie Height and Wehjht of ilic Recruit — The desire of almost all militaiy 
officers is to get tall 'men. The most favoured regiments, especially the 
cavalry, get the tallest men. It has been recommended both that shorter men 
should be generally taken, and that the infrntry should have the tallest men. 
The last point is one for military men to determine, and must be decided 
by considerations of the respective modes of action of cavalry and infantry. 

The first point is entirely physiological, and opens ^ difficult question. 
What is the height, at 18 years of age, which is attended with the greatest 
amount of health, strength, and endurance, or is it possible to fix such a 
standard ? 

Tables of average height and weight have been compiled by Quetelet and 
much used, and lately somewhat similar tables have been framed by Danson, 
Boyd, and Liharzik.t With regard to all of these it may be said that the 
observations (however numerous) are yet too few for such a large question, 
and that the influence of race has been too little regarded. J 

Boyd gives the lieight at 18 years at 60*4 inches, and at 25 years at 67 
inches, and liharzik at the same ages gives 64*17 and 68*9 inches. The Eng- 
lish army returns (1859, 1860, 1861) give the following numbers, but it must 
be luiderstood that wo cannot dcniuce the mean height of the population from 
these figures, as the shorter men are not taken as recruits (see table next page). 

Although these numbers are not very accordant, we may perhaps assume 
that at 18 the average height will bo something near 64 inches, and the 
average weight about 1241b. 

But the difficulty of the case only commences here ; taking the age at 18 (for 
over 20, the case is simple), what is the range above and below the avei^ 
which is consistent with perfect health and growth? How far is it safe to 
apply an average to an individiuil ? Will not an excess of weight and height 
imply that an individual comes of a larger race, or has been better fed and 
nourished, and is so &r a stronger man than he who only just reaches the 
average! 

The range, in fieust, appears* to be very great, as much as six inches above and 
below the mean (Danson) ; t.e., a boy at 18 may be 58 or 71 inches tali 


♦ 8ae Aitken’s ** Growth of the Kecrait,** p. 87, and Quain’s “ Anatomy," for sUU fhller detada. 
t Lfliarsik’a number profetaea to be beiMi on a law induced ftom grwt numb«fa of measure* 
manta 1)1 diffeTentanimala. , . . ^ 

± in a late paper on the sise of the French conaenpt, la mdined to attnbnte differencee 

in hei|^ more to race tnan to any other condition. 

2 S « 
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But axe these extremes consistent with perfect health, such as we demand in 
axecruiti It seems very doubtful if they are. 


Tlve follmoing are the Averages given by Qmtelet {Belgians) and by Danson 
{English crimmals)^ at the Ages when Recruits are enlisted : — 


Age. 

Height. 

Weight. 

Quetelet. 

Danson. 

Quetelet. 

Danson. 


Inches. 

Inches. 

lb. avoir. 

lb. avoir. 

16 

■67 

... 

109 

• • • 


17 

64-3 

... 

116 

• • • 


18 

65-2 

64-34 

126 


m 

19 

. . . 

64-94 

. . . 


■ 

20 

66-9 

66-11 

132 

13lJ 


25 

66-1 

66-3 

138 

146| 

1 


It may be well to put the same question in rather a different way. In the 
English army the luinimum height has been always (except in times of great 
emergency) above the mean height of the population at that age. Has the 
State, then, secured a larger framed and more powerful set of men by only 
taking those who are above the mean height, or has it unnecessarily limited 
its choice 1 

The experience of other armies cannot answer this question. The French 
height for infantry is 61^ English inches, or below the mean. The Aus- 
trian height for infantry is 60 inches ; in the Prussian army* the least height 
(in English inches) of the recruits for the cuirassiers is 65 *9 inches, and the 
greatest 69 inches ; for the light cavalry (hussars and dragoons), the least 
height is 63*8, the greatest 68 inches. In the Jager battalions the height is 
not less than 63*8 inches (English), and not more than 69 inches. Men of 
60 inches are, however, exceptionably taken, if strongly built. In the 
infantry (not Jager) the least height is 63*8 inches, but men of 60 inches are 
also occasionally taken. In the Northern American army, the height of the 
infantry was, in 1863, fixed at 63 inches (Hammond), hut men are really 
taken as low as 60 inches.t 

It is therefore clear that the great military nations go 2 inches or even more 
below the mean height of the population at the recruiting age, and find no 
iiyury to the quality of their soldiers, and it would certainly appear unnecessary 
tlmt the English should fix their standard at 1 inch above the mean height 
for in&ntry, and 2 or 4 inches for cavalry. But this does not settle the ques- 
tion, as it may still be argued that the taller men are most desirable when 
they can be procured, although shorter men may ^swer 'very well when 
others cannot be obtained. I really know of no good evidence which can 
settle this* question. 

The best rule to guide us is that given by Dr Aitken, viz., to take into 
consideration the t^ee points of age, height, and weight, and if either in 


‘ * Pniger, Daa Preusiss. MilitaiK-M4d. Wesen, 1864, p. 812. 
t The minimum height of the Roman soldier was 62} inches. 
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weight or height, or both together, there is any great divergence from the 
mean, then something wrong mO. prdbably be found. But as long as weight 
and height are in accord, the taller and heavier the man the better, as a rule. 
The height and weight of the recruits from 18 to 19 years of age are given in 
the following tables : — 

Heights of Recruits between 18 and 19 years of age. 


Height. 

1860 . 

B 

1862 . 

Under 63 inches . 

44 



63 to 64 „ . 

443 

23 

23 

64 „ 66 „ . 

2653 

932 

212 

66 „ 66 „ . 

1786 

678 

203 

66 „ 67 „ . 

1053 

674 

821 

67 „ 68 „ . 

629 

497 

460 

68 „ 69 „ . 

268 

254 

161 

69„70 „ . 

116 

123 

70 

70„71 „ . . 

62 

58 

38 

71 „ 72 „ . . 

20 

16 

9 

72 and over, 

2 

5 

, 3 


Weights of Recruits between 18 and 19 years of age. 


Weight, 

1860 . 

1861 . 

1862 . 

Under 100 Ib 

68 

11 

4 

100 to no „ 

923 

227 

24 

110 „ 120 „ 

2978 

961 

414 

120 „ 130 „ . . 

1768 

1021 

604 

130 „ 140 „ 

784 

616 

536 

140 „ 150 „ 

344 

255 

229 

160 „ 160 „ 

83 

65 

67 

160 „ 170 „ 

18 

13 

17 

170 and over, 


1 

6 

! 


One point is, however, quite clear. When the height is much below the 
mean, the bodily development generally is bad. Hammond states that, in the 
American war,, men of less than 6 feet have broken down by a few weeks^ 
campaigning, while men of 5 feet have stood the work well. Probably 62 
inches at 18 years of age, and 112Sb to 1161b weight, should be a mini- 
mum, even in times of the greatest pressure. So also a. very great height at 
18 years of age is objectionable, an4 anything over 67 inches at that age 
should be looked on with great suspicion. As a rule, also, adult men of 
middle size (67 to 69 inches) appear to bear hard work better than taller 
men. There is one alteration in the regulations which would be* desir- 
able, viz., that the required height and weight at the respective ages should 
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be expreesly xiamed; at present the ndniinnm height for the whole range of 
yeiSrs from 18 to 26 is alone stated in the Horse-Guards* Circular. 

With regard to weight alone, the rule is simple. Unless there be any great 
disproportion in height, the heavier the recruit is the better ; this will be 
found a rule with very few exceptions. 

3. The Physical Training of the Recruit — great improvement has been 
introduced by the late order that each recruit shall have three months* gym- 
nastic training. If properly done, this will have a most beneficial effect. 
The medical officer will have power to continue this if necessary, and care 
should be taken to use this power (see chapter on Gymnastic Training for 
the points to be attended to by the medical officer). 

It would be very desirable to make a rule that no soldier under 19 years 
of age should carry his pack, except on parades for inspection of kit ; he 
should be .excused the pack in marching out, field-days, and drills. Indeed, it 
may be questioned whether this rule should not be extended till 20 years of 
age. The young soldier under 19 or 20 years of age should also be excused 
from guard ; heavy guard duty, even an amount which gives three nights in bed 
out of four, is too much for an immature frame. In fact, the soldier, till he 
is 20 years of age, should be spared all heavy duty. The time thus saved 
would be well spent in other matters presently to be noted. 

4. The Mental Training, — Since the introduction of rifle practice, the 
trade of the soldier has become much more interesting to him ; he is now 
taught scientifically how to manage his arm, and learns to take interest in his 
shooting. It would be most desirable to give him some knowledge of the 
Military Art, and of the object of the different manoeuvres he goes through. 
A military literature fitted for the private soldier is still wanting. It is also 
very important to train hSn for the field, and to teach him to perform for 
himself all the offices which in time of war he will have to do — not merely 
trench work, but hutting, cooking, washing and mending his clothes, as in 
time of war (see War.) It is too late, at the commencement of a campaign, to 
begin these necessary parts of a soldier*s education ; they should form part of 
his training as a recruit : and if he is excused guard and other duties during 
his first year, there would be ample time. 

Great attention is now being directed to the importance of soldiers keeping 
up their trades, or learning some trade if they have none. Such a system 
occupies men, makes them contented, keeps them from dissipation, and opens 
a career for them when they leave the army. Instead of interfering with their 
military training, it can be made to subserve it, and possibly might be found 
to be advantageous to the State, even in a pecuniary point of view. The 
recruit then would have to keep up or learn his trade. 

6. Tfm Moral Training, — The recruit, on entering the army, is brought 
under moral influences of a strong kind. A discipline always rigorous and 
sometimes severe, produces often a ready obedience, and a submission of cha- 
racter, and which, when not carried too far, greatly improves him. At the same 
time, independence is preserved by the knowledge which the soldier has of his 
rights and privileges, and the result is a manly, conscientious, and fine character. 
But occasionally, a too sensitive nature on Ihe part of the recruit, or a discip- 
line too harsh or capricious on the part of his officers, produces very different 
results, and the soldier becomes cunning, artful, and false, or morose and 
malicious. The two characters are often seen well marked in old soldiers, 
and no contrast can be greater than between the two, A heavy responsibility 
rests, then, with the officers of the army who have power thus to influence 
for good or evil natures like their own. 

The influence of companionship is also brought to bear on the recruit, and 
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is fraught with both good and e^iL The latter probably predominates, though 
there are many excellent, high-minded, and religious men in the army. In- 
deed, in some regiments the proportion of steady religious men is perhaps 
beyond the number in the analogous class in civil life. But if the in- 
fluences be for bad, the recruit soon learns some questionable habits and 
some vices. 

Thus he almost invariably learhs to smoke if he has not acquired this habit 
before. It is indeed remarkable what a habit smoking tobacco is in every 
army of Europe ; it seems to have become a necessity with the men, and 
arises probably from the. amount of spare time the soldier has, and which he 
does not know what to do with. A recruit, on joining, finds all his comrades 
smoking, and is driven into the habit. 

The discussion on the effects of tobacco does not seem to have led to any 
clear conclusions. The immoderate use brings many evils to digestion and 
circulation especially. But no great evil appears to result from the moderate 
use, though no good can be traced to it. In moderation it has not been 
proved to lessen appetite, to encourage drinking, or to destroy procreative 
power. But, on the other hand, it probably lessens bodily, and perhaps even 
mental, activity, in spite of the illustrious examples to the contrary. It is 
certainly remarkable how uniformly the best trainers prohibit its use, and 
men of the highest physical vigour are seldom, I believe, great, and often are 
not even moderate, smokers. As it is of no use, and indeed injurious, by 
bringing men under the thraldom of a habit, it seems very desirable to dis- 
courage it. 

But in the army it seems useless to fight against this custom, nor is it 
indeed one which is sufficiently injurious to be seriously combated, except 
for one reason. In time of war, the soldier often cannot obtain tobacco, and 
he then suffers seriously from the deprivation. The soldier should have no 
habits which he may be compelled to lay aside, and which it woidd pain him 
to omit. As the time of the soldier becomes more and more occupied with 
his vocation and with a trade, it is possible that the amount of smoking may 

A much more serious matter is the vice of drinking, which many recruits 
are almost forced into, in spite of themselves. The discipline of the army 
represses much open drunkenness, though there is enough of this, but it can- 
not prevent, it even aids, covert drinking up to the very edge of the law. 
Formerly, a most lamentable canteen custom made almost every man a 
drunkard, and a young boy just enlisted soon learned to take his morning 
dram, a habit which, in civil life, would mark only the matured drunkard. 
Now, happily, spirits are not sold in the canteens, and no regulation thrusts 
raw spirits down a man’s throat. 

Drinking is, however, still the worst vice of the army, and that which 
strikes most of all at the efficiency of the soldier. 

How is this great vice to be combated. The Duke of Wellington, in 1845, ' 
abolished teetotal societies in regiments, in accordance with the general principle 
of allowing in the army no form of combinaflon. The great influence of a 
common cause and enthusiasm cannot therefore be used. We must look to 
the same causes to remove drunkenness in the army as in civil life; an 
improved^ tone in this respect among officers ; the influence of officers, and 
especiaUy medical officers, with theif men ; more occupation for the men, and 
the establishment of reading-rooms and soldiers’ institutes, which, in several 
places, have done marvels in lessening drinking. 

Another vice is almost as certainly contracted as smoking by the recruit. 
Probably, before enlistment, he has led no veiy pure life, but when he enters 
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the acmy, he is almost sure to find his moral tone higher than that of some 
of his new associates. A regiment, in &ct, is composed of young men with 
£bw scruples and small restraints. Prevented from marriage, and not able, 
indeed, to look forwmd to it, as civilians do, tempted by low prostitutes, 
who, to the disgrace of our laws, are permitted to hang about every barrack, 
and to haunt every neighbouring public-house, it is no wonder if, to the 
extent of his means, the soldier ind^ges in promiscuous sexual intercourse. 
He does this, in &ct, to excess, and the young recruit is led at once into 
similar habits. That many recruits are most seriously injured by this habit, 
even if they neither contract syphilis or gonorrhoea, is, 1 believe, certain. The 
remedies for this have been abmdy discussed (p. 450). 

It has also been supposed that solitary vice is particularly rife in armies. 

1 am unaware of any evidence on this point, and believe that, in the English 
army, such habits are uncommon. 

6. The Amount of ^Sickness and Mortality suffered by the Eecruit during 
the First Six Months and Year of Service , — ^This is an extremely important 
matter, but at present we are not able to answer the question for the English 
army. (See page 381 for a few facts.) 

In the French army,* the amount of sickness among soldiers under one 
year of service is more than one-third greater than among the army generally ; 
this is partly caused by slight injuries, though not solely, for the admissions 
to hospital t are nearly one-fourth more among them than in the army at large. 
The mortality from disease under one year’s service is 1 1 *45 (p. 32), which 
is much greater than the mortality at all ages (which is 8'31), though less 
than the mortality from one to three years’ service (13*38). 

A School for Recruits , — Looking to the very great importance of properly 
training the recruit in all ways, and recognisiag the fact that an army badly 
recruited was never yet made a good one, it may be questioned whether the 
present system of enlisting a man for a particular regiment, and sending Mm 
at once to Ms regiment or depot, is the best that can be adopted. It would 
seem much wiser to conduct his physical training altogether apart from the 
older men, to give Mm a different and more nutritious diet than the full- 
grown man requires, and to secure him, as far as can be, from the bad 
influences of injurious companionship. 

In a school for recruits, not only could physical, mental, and moral training ' 
be much better conducted than under the present system, but men might be 
selected for the different arms of the service ; w^kly men might be got rid 
of, or employed in the corps requiring least vigour of body. 

Six months’ training at such a school would be the best possible initiation, * 
nor would the State lose any period of service in reality. If the recruit 
entered the ranks at six months instead of three, the trifling loss would be 
far more than compensated by the greater vigour and the lessened sickness. 


* Statistiqud M6dicale de TArmee pendant FAnn4e 1862. Paris, 1864, p. 11. 
t The French treat some cases in barracks, some in the regimental infirmaries, some (the 
severe cosea) in general hospitals. 
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The recruit having entered the ranks, begins his service, we will assume, at 
home. This does not necessarily follow, for he may be soon sent out to his 
regiment serving abroad. Usually, however, he is kept at his depot as long 
as possible. It would be desirable, however, to make a rule that the first 
two years of service should always be at home. In previous chapters, the 
food, clothing, housing, &c., of the soldier have been discussed, so that I have 
now merely to describe the effects of the life upon him. 

We should suppose the life would be a healthy one. It is a muscular, and 
to a certain extent an open-air life, yet without great exposure or excessive 
labour ; the food is good (though there might be some improvement), the 
lodging is now becoming excellent, and the principles of sanitation of 
dwellings are carefully practised. Although the mode of clothing might 
be improved, there is not much that can affect health. There is a freedom 
from the pecuniary anxiety which often presses so hardly on the civil artisan, 
and in illness the soldier receives more immediate and greater care than the 
class from which he comes. 

There are some counterbalancing considerations. In a barrack, there is 
greater compression of the population than in the most crowded city, and 
beyond a doubt the soldier has greatly suffered, and even now suffers, from 
the foul air of barrack-rooms. But this is a danger greatly lessening, owing 
to the exertions of the Barrack Improvement Commissioners, and, as is 
proved by the experience of some convict jails, can be altogether avoided. 

Among the duties of the soldier is some amount of night-work ; it is 
certain that this is a serious strain, and the Sanitary Commissioners therefore 
inserted in the Medical Regulations an order that the number of nights in bed 
should be carefully reported by medical officers. Commanding officers should 
be informed how seriously the guard and sentry duties, conducted as they are 
in full dress, tell on the men if they are too frequent ; one guard-day in five 
is quite often enough, and as there are often unlfecessary posts, four nights in 
bed can usually be secured to the men, if the commanding officer is impressed 
with the importance of this matter. 

The weights and accoutrements are injurious, and of late years a practice 
has crept in of making the soldier carry his pack much more frequently than 
formerly. Twenty years ago, he merely paraded twice a-week in heavy 
marching order for inspection. Now, he often carries his pack on field-days, 
sentry, and even repmental drill. Instead of accustoming men to the pack, 
and making it easier, it breaks them down ; but as this whole subject is 
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under the consideration of the authorities, it is possible that alterations will 
be made* 

The habits of the soldier are also unfavourable to health ; in the infantry, 
especially, he has much spare time on his hands, and ennui presses on him. 
Ennui is, in fact, the great bane of armies ; less in our own than in many 
others. It is said to weigh most heavily on the German, the Eussian, and 
even on the French army. Hence, indeed, part of the restlessness, ai\d one 
of the dangers, of large standing armies. The Eomans appear to have avoided 
this danger by makmg their distant legions stationary, and permitting mar- 
riage and settlement ; in fact, by converting them into military colonies. We 
avoid it in part by our frequent changes of place, and our Colonial and Indi an 
service ; but not the less, both at home and abroad, do idleness and ennui, the 
parents of all evils, lead the soldier into habits which sap his health. Hot 
merely excessive smoking, drinking, and debauchery, but in the tropics mere 
laziness and inertia have to be combated. Much is now being done by estab- 
lishing reading-rooms, trades, industrial exhibitions, (fee., and by the encour- 
agement of athletic sports to occupy spare time, and already good results 
have been produced. 

The establishment of trades, especially, which will not only interest the 
soldier, but benefit him pecuniarily, is a matter of great importance. It has 
long been asked why an army should not do all its own work ; give the men 
the hope and opportunity of benefiting themselves, and ennui would no 
longer exist. In India, Sir Hugh Eose has done most essential service by 
the establishment of trades, and the system, after long discussion and many 
reports, is now likely to be fully tried in England. 

Every military officer should remember that one of the proofs of ability for 
command and administration is the power of occupying his men, not in routine, 
but in interesting and pleasant work, to such an extent that rest and idle- 
ness may be welcomed as a change, not felt as a burden. Constant mental 
and much bodily movement is a necessity for all men ; it is for the officers to 
give to their men an impulse in the proper direction. 

Among the conditions of the soldier’s life adverse to health, enforced celi- 
bacy must be reckoned. This produces not merely promiscuous intercourse, 
that terrible evil, but other effects. We do not require the statistical proof 
that both in the army and civil life married men have less iUness and longer 
lives than single men ; we might be certain, a priori, that the great function 
of procreation cannot be thus endangered by the conditions we impose on our 
soldiers without injury. The continental system of conscription for limited 
|)eTiods has prevented this matter from assuming the importance it does in 
armies enlisted for long or permanent service, but as the soldier’s trade is 
now becoming a skilled one, and as he will be retained for longer periods, it 
cannot be doubted that the great military powers will in a few years have to 
meet this difficult problem. 

For our own army the question is already pressing enough, nor is it easy 
to offer a solution ; it can only be hoped that some great soldier who has, 
what all great soldiers must have, a conviction of the importance and a know- 
ledge of the laws of health,*may be found to reconcile the demands of military 
service with the dictates of a rule of nature. (See page 450.) 

The last point which, probably, makes the soldier’s life less healthy than 
it would otherwise be, is the depressing moral effect of severe and harassing 
discipline. In our own army, in former years, it is impossible to doubt that 
discipline was not merely unnecessarily severe, but was absolutely savage. An 
enlightened public opinion has gradually altered this, and with good com- 
manding officers, the discipline of some regiments is probably nearly perfect ; 
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that is to say, regular, systematic, and unfiiiling, but jfrom its very justice and 
regularity, and from its judiciousness, not felt as irksome and oppressive by 
the men. 

The general result of the life at home on soldiers must now be considered. 

It is by no means easy to say whether soldiers enjoy as vigorous health as 
the classes from which they are drawn ; the comparison of the number of 
sick, or of days* work lost by illness by artisans, cannot be made, as soldiers 
often go iuto hospital for slight ailments which will not cause an artisan to 
give up work. The amount of comparative mortality seems the only avail- 
able test, though it cannot be considered a very good one. 

Tollowing the order laid down in the chapter on Statistics, we have to 
consider — 


SECTION I. 


I— THE LOSS OF STRENGTH BY DEATH AND INVALIDING, 
PER 1000 PER ANNUM. 


(a.) By Death , — It is to be understood that the mortality is here reckoned 
on the strength, that is, on the number of healthy persons actually serving 
during the time. The mortality on the sick is another matter. 

From the Parliamentary Statistical Returns of the Army (1840 and 1853, 
which include the years 1830-1846), we find that the mortality among the 
cavalry of the line was about Jd more than among the civil male population at 
the same age (nearly as 15 to 10* per 1000), among the Foot Guards more 
than double (very nearly 20 J per 1000 as against 10), among the Infantry 
of the line fths more (or nearly 18 per 1000 as against 10). 

The State was thus losing a large body of men annually in excess of what 
would have been the case had there been no army, and was therefore not only 
sufiering a loss, but incurring a heavy responsibility. 

In the splendid men of the Household Brigade, diseases of the lungs (in- 
cluding phthisis) accounted for no less than 67*7 per cent, of the deaths, 
in the cavalry of the line for nearly 50. per cent., and in the infantry of the 
line for 57 per cent.; wliile among the civil population of the soldiers’ 
age, the proportion in all England and Wales was only 44*5 per cent, 
of the total deaths. ' The next cliief causes of death were fevers, which ac- 
counted in the different arms of the service for from 7 to 14 per cent, of 
the total deaths. The remainder of the causes of deaths were made up of 
smaller items. 

These remarkable results were not peculiar to the English army. Most 
armies did, some still do, lose more than the male civil population at the 
same age. The following are the most reliable statistics.t 


France G823)', 

France (Paixhans, 1846), . 
Franco (1862) 

French in Algeria (1846), 


Array Loss. 

28 *^ 

19*9 • 
9*42 
64 


Per 1000. 

Civil Population at 
Array Ages. 

about 11. 
about 11*09. 


* In reality the deaths from the civil male population of the soldiers’ ages (20 to 40) were 
below 10, and in the healthy districts ranch below ; the case against the soldier is, therefore, 
even worse than it reads in the text. 

t Meyne (Elements de Stat. M4d. Militaire, 1850) gives some of these figures ; others are 
taken from the reports of the different armies. • 
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Per 1000. 



Army Loss. 

Civil Population at 
Army Ages. 

French in Algeria (1862), 

12-21 

? 

„ Italy (1862), . 

17-69 

? 

Prussian, .... 

13-1 

10? 

Bussian, 

Austrian, .... 

39 

imcertain, but under 39. 

28 

uncertain, but much less. 

Piedmontese (1859), 

16 

? ' 

United States (before the war), . 

18-8 

probably about 11. 

Portuguese (1861-63), 

16-6 

? 


The Danish army, however, is as healthy as the civil population, losing 
only 9*6 per 1000. 

The Hanoverian army is healthier, losing only 5*3 per 1000 as against 9*5 
among the civil population of the same ages. 

In these foreign armies the same rule holds good ; fevers (chiefly typhoid in 
all probability) and phthisis were the great causes of mortality. In Prussia 
phthisis caused 27 per cent, of the total mortality, but in that army phthisical 
men are sent home, and after a certain time are struck ofl the roUs, so that 
the army deaths are thus fewer than they would be if the men died at their 
regiments. In Austria phthisis caused 26 deaths out of every 100 ; in Prance, 
22*9 in Hanover, 39*4 ; and in Belgium, 30 ; though in the latter country the 
proportion among, the civil population was only 18*97 deaths from phthisis 
per 100 of all deaths. In Portugal the mortality from phthisis constitutes 
22 per cent, of the deaths, t while in the civil population the deaths are 12 
per cent, of the total deaths. In these armies, also, fevers caused a greater 
number of the deaths than in the English army, even in the period referred to. 
In Prussia, 36 ; in France, 26 ;X ^ Belgium, 16*6; and in Hanover, 23*68 per 
cent, of all deaths were from fever (typhoid?). In Portugal only 3*9 deaths 
are from typhoid out of every 100 deaths ; this is owing to its rarity in the 
country districts ; it is common in Lisbon. 

Holhing can prove more clearly that in all these armies the same causes 
are in action. And fi^m what has been said in previous chapters, it may 
l>e con6luded that the reason of the predominance of these two classes, lung 
diseases and typhoid fever, must be sought in the impure barrack air, and 
in the defective removal of excreta. 

The Crimean war commenced in 1864, and ended in 1866. A large part 
of the army was destroyed, and a fresh force of younger men took its place. 
Soon afterwards, the great sanitaiy reforms of Lord Herbert commenced. In 
1869, yearly statistical returns began to be published, and have now (1864) 
been completed to 1862 (four years). 

In these four years the mortality of all arms underwent an extraordinary 
decrease from that of the former period. 

Mortality per Thomand per Annum, including Suicides and Violent 
Dea^^._1859, = 9*966.; 1860, = 9*95; 1861, = 9*24; 1862, = 8*72. 

In ttie difierent corps of ♦the service the amount of mortality varied. In 
1860, for example, it ranged from as little as 1*65 in the Boyal Engineers, to 
19*08 in a Military Train battalion. 


* This was in 1860 ; I have calculated this from Laveran’s returns from eleven of the great 
garrisons. 

t Marques, reviewed in an excellent article in the British and Foreign Medico-Chir. 
Review for April, 1868. 

t Laveran in 1860 made the number 25*9 in the deaths from eleven garrisons. ^ 
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The dinunution over the years previously noted (1826-46) is extraordinary. 
Three causes only can he assigned for it — the youth of the army, and a better 
selection of men ; or a partM removal of the causes of diseases ; or earlier 
invaliding, so as to throw the fatal cases on the civil population. 

The question of age has been examined and disposed of by Dr Balfour,* 
who has shown that the youth of the army does not account for the lessening. 
Selection has always been made with equal care, and invaliding does not 
appear to have been in excess sufficient to account for the lessening, though 
it certainly has been greater of late years. There can be no doubt, then, 
that the great result of halving the yearly loss of the. army by disease has been 
the work of Lord Herbert and the Eoyal Sanitary Commission. 

It will be observed (see table, page 491) that the diminution in the mor- 
tality in the French army has also singularly lessened from 1846 to 1862, 
and this is, no doubt, owing to the great sanitary precautions now taken in 
that army. 

When in the last four years we examine the causes of death among 100 
deaths, taking out the principal diseases in order of fatality,t we find the 
result as follows : — * 


Ratio of Certain Carnes of Death to Deaths from All Causes. 




Of every 100 deaths. 

Order. 

Diseases in order of fatality. 

1859. 

I860. 

1861. 

1862. 

Mean of the 
four years. 

1 . 

Tubercular diseases (scro- ) 

37-9 

31-79 





fula, phthisis, hsemop- > 
tysis), j 

36-1 

41*6 

36-84 



2. 

Violent deaths, exclusive ) 
of suicides, / 

6-7 

5-14 

7-17 

5-47 

6-12 

3. 

Pneumonia, 

6-62 

7-4 

5-47 

6-82 

6-05 

4. 

Diseases of heart and ) 
vessels, j 


6-68 

6-81 

7-36 

6-78 

6. 

Fevers (typhoid, typhus, ) 

7-14 

4-32 





and continued, pro- > 
bably chiefly, typhoid) j 

6-47 

6-16 

6-77 



6. 

Diseases of the nervous j 







system, exclusive of> 
delirium tremens, ) 

6-4 

4-6 

7-42 

6-48 

6-70 

7. 

Bronchitis, acute, 

3-64 

3-39 


3-42 

3-37 

8. 

Suicides, 


2-98 

1-12 


2-62 

9. 

Bronchitis, chronic, 

2-77 

2-26 

2*43 

2-39 

2-46 

10. 

Delirium tremens, 

1-76 

1-23 


1-2 

1-10 


All other causes. 




24-29 







mm 


As the percentage of mortality of a certain disease to the whole number of 


* Keport for 1859, p. 6, 

t Thw table has been calculated from the table called Appendix NO. I."' in Dr Balfour’s 
Report ; the numbers in those tables only being used. 
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deaths is not a perfectly accurate plan of stating the case, I have prepared the 
following table as testing more perfectly the amount of phthisis — 


Amiy. 

1859, 

1860, 
1861, 


Strength.* 

71,714 

83,386 

81,600 


Deaths fh>m 
phthisis and 
fiflemoptysis.* 


Deaths from phthisis 
and hemoptysis 
per 1000 living. 


269 3-7 

322 3*86 • 

276 3*38 


Male civilians, t Age. 

All England and Wales, . . 20 to 25 3*5 

„ . 25 „ 30 4*0 

„ * . „ . . 30 „ 35 4 1 

„ * „ . . 35 „ 40 4-1 

,, „ . . 15 „ 55 3*7 

„ . . 25 „ 45 4*02 

London, 15 „ 55 4*5 

Worst districts in England, excluding hospitals, 5*0 

Best districts in England, . . . . 1 *96 


During the three years named, it thus appears that the mortality in the 
army hospitals from phthisis was not above that of the country generally, 
though it is greatly above that of the healthy districts; but then an im- 
portant element is omitted, viz., that a certain number of soldiers are invalided 
for phthisis, and swell the mortuary civil returns ; and some of these are lost 
sight of, and do not appear in the army returns. The following table, taken 
from Dr Balfour, shows the amount in the different arms. 


Tubercular Di^mes (chiefly Phtlivds and Hcemoptym^^witli some other 
Diseases, such as Morbus Coxarius, Scrofula, Tabes), 


Coups. 

Rate per 1000 of strength in 1860. 

Died. 

Invalided. 

Total. 

Household Cavalry, 

1-64 

1-64 

3-28 

Dragoon Guards and Dragoons, 

2 ‘42 

6-32 

8-74 

Royal Artillery, . 

3-49 

4-79 

8-28 

Royal Engineers, 

1-66 

. . . 

. . . 

Military Tiam, 

302 

6-64 

‘9-66 

Foot Guards, 

6 

10-68 

16-68 

Infantry Regiments, 

306 

3-82 

6-88 

Cavaliy Depots, . 

3-21 

2-40 

6-61 

Royal -Artillery Depots, 

6-67 

. . . 

. . . 

Depot Battalions, 

6-69 

4-84 

10-43 


* Taken from the table. Appendix No. 1, in Balfour’s Reports. 

t Parliamentary Return of Annual Average Mortality during the Decennial Period, 1861-60, 
eb. 1864 ; and Dr Parr’s Report to the Sanitary Commission, p. 607. 
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In 1861 and 1862, the tubercular mort^ty and tubercular invaliding 
together wa£i, in the 

1861. 1862. 1861. 1862. 
.Cavalry of the line, 12*18 6*58 ' Foot Guards, . . 18*07 20*62 

Eoyal Artillery, . 8*41 12*51 Infantry Eegiments, 8*68 8*46 

Military Train, . 13*75 4*85 j 

There can be no doubt, then, that there is still an excessive prevalence of 
tubercular disease in the army ^ and the astonishing disproportionate number 
of cases in the Foot Guards is still as remarkable as it was twenty years ago. 
It may be safely concluded that the larger part of the men invalided will 
shortly die, and their deaths will swell the mortality from tuberculosis of the 
civil population. These tables show, in fact, that there must bo a large 
amount of phthisis generated in the army ; and in the Foot Guards it would 
seem to be nearly four times as much as among the civil male population of 
25 to 45 years of age. 

The deaths from continued fever (typhoid almost entirely) to 1000 of 
strength declined extremely from the early to the later period. A table 
copied from Dr Balfour, shows this very clearly : — 


Admissiom and Deaths per 1000 of Strength, 


Corps. 

1837-46. 

1859. 

186o! 

1861. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

Household Cavalry, . 





18-81 


5-74 


Dragoon Guards and ) 
Dragoons, . . / 

61-9 

1*36 

27-8 

•37 

20-09 

•11 

27-08 

•53 

Eoyal Artillery, 

51 

•65 

26 

•35 

14*93 

•26 

12-38 

•5 

Military Train, 





32*59 

1*21 

20-36 

•55 

Foot Guards, 

77-7 

2-44 

32-2 

•84 

27-93 

•52 

29-77 

•52 

Infantry Eegiments, . 

69-9 

2-45 

29 

•66 

22-33 

•56 

19-24 

•6 

Cavalry Depots, 



1 


32-85 

•8 

36-33 


Eoyal Artillery Depots, 

. . . 

... 



24-92 

•iV 

18-7 

•3 

Depot Battalions, 


... 

. . . 


25-4 

*64 


The decline of continued fever is therefore very great. 

ITiere can be no doubt that, both as regards phthisis and fever, a reduction 
can still be made ; and future returns will see considerable progress, though 
we can hardly expect again to witness*so great a reduction. There is every 
encouragement from the past to carry on actively all measures which can do 
away with the causes still existing. (See chapter on Prevention op Disuse.) 

So also it maybe questioned whether pneumonia, bronchitis, and heart disease 
could not be further reduced. The observations already made in the chapter 
on Accoutrements render it very likely that this can be done. 

I am strengthened in this opinion from finding that a greaf difference m 
mortality, and in its causes, exists in the different arms of the service and in 
different corps. This argument will be stronger, however, when the figures 
are derived from a larger number of years. 

To show the effect of age and of the arms of the service on the total 
mortality, I subjoin a table compiled from Dr Balfour’s reports. 
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The effect of length of service on mortality has not yet heen folly worked 
out, hut appears to be very great. 

'From ttie French army Report (1862), mortality appears to lessen with 
service after the third year is passed, and is least in the period seven to ten 
years* service {Satistiqiie M6d, de VAnme pendant VAnn6e 1862, p. 32). 


In the French Anny, 



Deaths by Disease 
per 1000. 

Deaths by Suicide 
per 1000. 

Less than 1 year of service. 

11*45 

•16 

From 1 to 3 years. 

13-38 

•32 

>» 3 „ 5 ,, 

9-30 

•42 

^ »j 7 ,, 

7-40 

•86 

„ 7 „ 10 „ 

4-99 

•98 

,, 10 ,, 14 „ 

5-72 

M2 

Over 14 years. 

7-11 

1*25 


The decrease of mortality with length of service, is quite remarkable. Had 
the later years of service been given, no doubt the mortality would have shown 
an increase at that time. The regolar increase in suicidal deaths, with length 
of service, is also very striking. 

The effect of rank is also very marked. In all armies, the commissioned 
officers are more healthy than any other class. The non-commissioned officers 
are more healthy than the men, even to the extent of 40 or even 45 per cent. 

(5.) By Invaliding . — Taking the men under 21 years’ service only, the 
number of men discharged for illness has varied in different years and regi- 
ments very greatly. 


Number per 1000 Invalided under 21 yeard Bervke. 


Arms . 

1839-63. 

1869. 

1860. 

1861. 

1862. 

Household Cavalry, 

15*2 

7-42 

14-7 

8*2 

12-27 

Caval^ of Line, 

20*9 

14-6 

22*8 

47 

28-63 

Royal Artillery, 



20*2 

21-1 

31*01 

Military Train, 



21*7 

38*5 

26-66 

Fpot Guards, . 

15-9 

19-87 

24*6 

28*2 

38-46 

Infantry, 

20*8 

10-41 

21 3 

35 

26-71 

Cavalry Depots, 





59-29 

Depot Battalions ) 
(Infantry), / 



21*6 

72*3 

60-85 


The amount of invaliding is influenced by other causes than mere inefficiency 
of the men ; sometimes a reduction is made in the army, and the opportunity 
is taken to remove weakly men who would otherwise have continued to serve.. 
This was the case in 1861. As invaliding greatly affects the mortality of the 
army, a source of fallacy is introduced which^ it is not easy to avoid. In 

1861 the ratio of invaHding, per 1000 was, for the whole army, 51*19 ; in 

1862 it was 41*27. 

It thus appears that the total loss ef men per 1000 per annum by deaths 
and invaliding differs greatly in the different arms, but is about 50 to 60 per 
1000 per annum for the whole army. With a mean strength of 70,000 men 
serving at home, this amounts to a yearly decrease of from 3600 to 4200 men. 

2i 
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SECTION II. 

LOSS OF SERVICE FROM SICKNESS RER 1000 PER ANNUM. 

Sub-Section I. 

(a.) Number of Admissions into Ho^tal, — On an average 1000 soldiers 
furnish rather Qver 1000 admissions into hospital per annum. 

In 1837-46 (Infentry) 1044 In 1861 (total) 1026 
1869 (total) 1066 1862 989 

1860 „ 1053 

The number varies in the different arms from about 600 in the Household 
Cavalry, which is usually the lowest, to about 1400 in the Cavalry and 
Artillery Depots. In the first case the steady character of the men, many of 
whom are married, and in the second the frequency of contusions during dnll, 
accounts for this great range. In the Infantry the average is from 860 to 
1020 . 

It appears, therefore, that the number of admissions has remained tolerably 
constant for 26 years, although during that time the mortality has so much 
decreased, a fewjt which proves how ^erior a test of health the number of ' 
admissions is. In no part of the world, indeed, have they a constant relation 
to the deaths. 

In the French army everywhere the admissions were as follows in 1862. 
It must be understood that the French system is essentially different from our 
own, as the slight cases of sickness are treated either in the barrack-rooms or 
in the infirmaries, while the severer cases are sent to general hospitals. In 
1862 the mean strength {Veffectif moyenne) was 372,166 men; the number 
** present” with the regiments was 316,578. 

Admissions in 1862. Per 1000 of mean strength. 

Into hospital, 106,262 285 

Into infin^ee, or treated ) 
in the barrack-room, J ^ 

Total, 804,212 2160 

In France alone there were 636,370 total admissions to 304,733 of effective 
strength, or at the rate of 2088 per 1000 of strength. In Italy the admis- 
sions were 3460, and in Algeria 2248 per 1000 of strength. 

The French plan clearly shows how slight three-fourths of the cases in the 
French army are, as no man sick for more than a day is kept in the bmrack, 
or for more than a few days in the infirmaries ; all severer cases are sent to 
hospital 

la the different arms the proportion varied from a total sick of 1163 
(Imperial Guard) to 2425 (Cavaliy) per 1000 of strength. 

Sub-Section II. 

(h.) Daily number of Sick in Hooted per 1000 of Strength, — ^About one- 
twentieth of the army is constantly sick in time of peace, or 5 per cent. 

In 1860, the proportion was 64*72 per 1000, or 6*4 per cent. 

1861, „ 64-64 

1862, „ 62-46 

The different arms, however, present different numbers. 
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Arms. 

1837-46. 

1859. 

1860. 

1801. 

1862. 

Household Cavalry, 


28-70 

28-68 

31-38 

33-21 

Cavalry of the Line, 

40 

61-13 

41-67 

43-43 

43-62 

Royal Artillery, 

. . . 

... 

67-61 

67-13 

50-62 

Military Train, 

. . . 

71-82 

62-66 

50-22 

64-26 

Foot Guards, . 

43 

61-76 

52- 

51-73 

67-12 

Infantry Regiments, 

48-60 

60-91 

48-13 

46-12 

46-66 

Depot Battalions, ( 
(Infantry), j 


... 

57-55 

51-48 

47-63 


In England, the number of members of friendly societies between 20 and 
30 years of age, who are constantly sick,, is nearly 16 per 1000. 

The daily sick in foreign armies per 1000 of strength is as follows 


French (1846), .... 

45*5 

„ (1862), .... 

40-2 

(Per 1000 of ^‘effective,” 47*93 per 1000 of 

“ present.”*) 

Prussian, 

44 

Austrian, ..... 

Belgian (1859), .... 

45 

64-2 

Portuguese (1851-53), 

39-4 


The number of daily sick has, of course, a wide range ; sometimes an hos> 
pital is almost closed, at other times there may be more than 100 sick pe^; 
1000 of strength. The composition and the duties of the several arms 
sufficiently indicate some of the reasons for the differences in the above 
table. 


Svb-Sbction III. 

(c.) Number of Days spent in Hospital per head in each 1000 of Strength , — 
The number of days’ service of a battalion lODO strong in a year would be of 
course (1000 x 365 = ) 365,000. If we assume the average number of sick to 
be 54 per 1000, there are lost to the State (54 x 365 = ) 19,710 days’ service 
per annum, or 19 J days per man ; that is to say, each man has a little under 
three weeks’ illness in the course of the year. As already said, it is diffi- 
cult to compare the sickness of soldiers and civilians, but the above amount 
seems large when we remember that, in the friendly societies, the average 
sickness per man per annum (under forty years of age) is less than seven 
days. 

The number of days of hospital to each sick man (mean duration of cases) 
is nearly the -same, as the number of admissions nearly equals the strength. 

It can be most easily calculated as following ; multiply the mean number 
of sick (sick population) by the number of days in the period, and divide by 
the cases treated. The cases treated” is the mean of the admissions and 
discharges in the period. 

In the different arms the mean duration of cases is ^ follows : — 


* The ''effective*’ in the French amy includes aU the strength ; the "present” excludes 
the men in hospital, but includes those in the infirmaries. 

2 1 2 
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Days in Hospital to each Sick Man ( = Lfuratim of Cases), 


Asms. 

1837-46. 

1859. 

1861. 

1863. 

1862. 

Household Cavalry, . 

mm 

19-46 

20-39 

20-41 


Dragoon Guards and ) 

H 

19-02 

16*51 

16-36 


Dragoons, . . / 

Eoyal Artillery, 

20-06 

20-63 

19-22 

Military Train, 


20-76 

19-84 

19-86 

17-76 

Foot Guards, 

18 

23-87 

26-07 

23-79 


Infantry, 

17 

19-28 

19-43 

19-84 


Depot Battalion, 


... 

19-09 

19-99 

19-24 


Austrian army, 17 to 18 days. Prussian, 16 days. 

French (1846), 16 days. Belgian, 23*6 days. 

„ at home (1862), 7*84 days. Portuguese, 19 days. 


Sub-Section IV. 

(a.) Mortality to Sickness , — ^This is, of course, a different point from that of 
the relation of mortality to strength. A few cases of very fatal illness may 
give a large mortality to cases of sickness, hut the mortality to strength may 
be very small. 

* The mere statement of the ratio of mortality to sickness gives little infor- 
mation ; what is wanted is the mortahty of each disease, and at every age. 
Otherwise the introduction of a number of trifling -cases of disease may com- 
pletely mask the real facts. 

When, however, the general ratio is to be determined, it must be calculated 
in one of three ways : — 

1. Mortality to admissions in the time. This is, however, an uncertain plan ; 
a number of cases admitted towards the close of a period, and the greater part 
of whose treatment and mortality falls into the next period, may cause an 
error. 

2. Mortality to cases treated ( = mean of admissions and discharges).* 
This is the best method of calculation. 

3. Mortality to sick population, t.e., the number of deaths furnished per 
annum by a daily constant number of sick. This, however, must be taken in 
connection with the absolute number of sick in the time, and with the dura- 
tion of the cases, or, in other words, with the kind of cases. 

The degree of mortedity to the several causes of sickness is given very fully 


* It has not infipeguently happened that the mortality on sickness has been calculated in this 
way ; the number of sick I'emidning in hospital at the commencement of the period, say a year, 
are added to the admissions in the year, and the mortality is calculated on this numoer. At 
the end of the year a certain number of sick remaining in hospital are carried on to the next 
year, and added to the admissions of that second year for the calculation of the mortality of 
that year. In this way they are counted twice. This has been done in calculations of weekly 
mortality, and in this way the same sick man has been made to do duty as a fresh case many 
times over. This is to be avoided by either calculating on the admissions, or by considering 
half the remaining'^ at the beginning to belong to the previous period, and half me remain- 

ing’ at the end of the period to beloim to the following period ; or, what is the same thing, 
taking half the admissions and half the discharges in the period as representing the ** cases 
treated” in that time. 
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in the Army Statistical Beports and in a few years some of the most 
valuable evidence that has ever been given in this direction will be avail- 
able.* 

Calculated on the admissions, the mortality to total sickness is nearly the 
same as the mortality to strength, or about 9 ‘5 per 1000 per annum. 

Sub-Section V. — ^Causes of Sickness. 

The causes leading men to go into hospital are, of course, very diiferent from 
those which produce mortality. For example, admissions from phthisis will 
be few, mortality great ; admissions from skin diseases numerous, mortality 
trifling. 

Taking the most common causes of admission in the order of frequency, we 
find — 

1. Enthetic or Venereal Diseases , — Under the term enthetic, all diseases, im- 
mediate or remote, resulting from sexual intercourse, are included. Secondary 
as well as primary syphilis ; stricture and orchitis, as well as gonorrhoea, &c. ; 
also a few cases not strictly venereal. 


Years. 

Admissions for 
1000 of 
Strengtli. 

Average Number 
constantly 

Sick per 1000. 

Duration in Days. 

1859, . . 

422 

26*8 

23*22 

1860, . . 

368*96 

23*69 

23*5 

1861, . . 

354 

23*45 

24*19 

1862, . . 

330 

22*24 

24*61 

, 1 


In some corps the admissions have been as low as 120 (Household Cavalry), 
in others as high as 511 per 1000 of strength (Artillery Depots). 

In 1861 these diseases caused a loss to the State of a period equal to 8*69 
days for every man serving at homo ; the number of troops at home in 1861 
being nearly 89,000, there was a daily inefficiency from venereal of 2077 
men; in 1862, the troops being 78,173 in number, there was a daily ineffi- 
ciency with venereal of 1739 men ; in 1862, of 8*12 days, or equal to the loss 
of two regiments constantly. How many of these cases are of infecting 
syphilis ; how many are non-infecting sores, is doubtful ; but Dr Balfour has 


♦ To analyse these tables (appended to the Statistical Reports) would take up too much 
space, and probably it is undesirable to do so for a few more years, but already the information 
is becoming very interesting. Take, for instance, pneumonia. 


Years. 

Total Cases. 

Total Deaths. 

Percentage of Deaths. 

1869, 

820 

38 

11*87 

1860, . 

442 

72 

16*28 

1861, . 

. 859 

45 

12*53 

1862, . 

884 

34 

10*18 


There is a great diversity in the mortality on the several coips. It thus appears that the mor- 
tality of pneumonia on the admissions has been, as a mean of four years, 12*72 per cent. In a 
very few years, supposing the diasposes are well made, the mortality of pneumonia in males, 
if the soldiers are under good medical treatment, will be determined with certainty. 
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calonlated that alx>ut 60 per cent, is S 3 rphilitic (recent or remote) and 40 
gonoirlioBaL It varies, however, from year to year. 

It would be of great moment to determine the exact number of true cases 
of infecting syphilis presenting themselves for the first time. In 1862, there 
were 7771 eases returned as “ syphilis primaria” out of a total of 25,787 ad- 
missions from “enthetic diseases,” or at the rate of 30*13 per cent, of the 
admissions from enthetic” diseases. If we can trust to the diagnosis, the 
admissions from primary syphilis would be 99*4 per 1000 of strength in 
1862. 

We have no certain facts with which we can compare the syphilitic disease 
of the civil population with the enthetic diseases of the army. The amount 
among the civil population at large is really a matter of conjecture. But 
whether it is greater or less than that of the army does not affect the result 
drawn from the above figures, viz., that there is an appalling loss of service 
every year from the immediate or remote effects of venereal disease. 

In foreign armies the evidence is very imperfect. M. Jeannel, in his 
remarkable book on the prostitution of Bordeaux,* has given a table of 
cases of venereal {veneriens) in the garrison hospitals of thirty French and 
Belgian garrisons, from which the following is an abstract. The rule in 
the French service is to send all bad cases from the regimental hospitals 
to the garrison (the French regimental hospitals are intended only for 
the treatment of the slight cases of sickness), but yet some slight cases of 
venereal disease are treated in the infirmaries. This lessons the value of his 
table, from which the table below is an extract.t 

Number Admitted per 1000 of Strength in some of the Principal Garrieonsy 
and Average Number of Days of Sickness {Jeannel), 


Gabbisons. 

1858. 

1859. 

1860. 

Admissions 
per 1000 
of strength. 

Days in 
hospital for 
ea<m case. 

Admissions 
per 1000 
of strength. 

Days in 
hospital for 
each case. 

Admissions 
per 1000 
of strength. 

Days in 
hospital for 
ea^ case. 

Paris, , . 

34-2 

29-1 

51-1 

18-5 

33 

27 

Briau^on, . 

28*8 

34-1 

49-3 

30-5 

19-9 

66-7 

Montpellier, 

52*9 

50*5 

11*3 

46 

71 

62-6 

Toulouse, . 

90-4 

47-3 

83-4 

65-6 

81-6 

37-1 

Marseilles, . 

113-3 

40-2 

... 

. . . 

127-8 

32-6 

Calais, . . 

132-6 

25 

60-9 

29-3 

73-8 

30-2 

Lyons, . . 

136 

49-9 

165-6 

33-6 

163 

42-2 

Nancy, , . 

... 

. . . 

169-6 

33-9 

698-1 

18-1 

Bord^ux, « 

255-4 

29-4 

168-2 

27-5 

103-6 

29-1 


^ Sur la Profititution Publique, par la Dr J. Jeannel, Pharmacien principal de premiere 
classe 4 raepital Militaire, &c. Paris, 1862, pp. 196 and 214. 

t The rale in the Prenen army about the plan of treatment of venereal disease appears to be 
this. The Ordonnanoe of 1889 ordered that slight syphilis requiring local treatment only should 
be treated in the infinnaries, but that severer cases should be sent to hospital. An order of 
1860 (Didiot, Code Samtmre, 1863, p. 204) directs that in any place where there is no (general) 
hospital, every form of syphilis is to be troated in ^the infirmaries, under the express condition 
that the place allows the police surveillance to which these patients are subjects to be carried 
out. If this cannot be done, the Ordonnance of 1889 is adhered to, vix., mat cases requiring 
local treatment only ore kept in the infirmaries. 
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In BrusBek the aveiage admissions per 1000 of strength were 89*1 (years 
1858-59-60)i 

In Lille during the same year it was .104*2. 

In Bussia the admissions from syphilis are about 65 per 1000 (in Europe). 

In the Hanoverian army, 37*1 per 1000 from syphilis, 28 per 1000 from 
gonorrhoea, 65*1 per 1000 from both 

J>om the late French Army Eeport already quoted, the total amount of 
‘‘enthetic disease” is not very readily detenninei In 1862, out of a mean 
strength of 304,733 men serving in France there were 10,985 admissions into 
hospital from ‘‘ syphilis primitive,^* or at the rate of 36 per 1000 of strength. 
Also 2636 cases of syphilis constitutionnelle” were admitted. But &en 
we must add to this number all the slighter cases treated in the infirmaries. 
This, however, is nowhere stated, and the total amount of enthetic disease can 
only be obtained by inference. Dr Balfour has calculated that the average non- 
effective from syphilis in hospital, infirmaries, and quarters was, in 1862, 11*11 
per 1000 serving ; while in the English army the proportion in the same year 
was 10*82 per 1000 serving,* or giving a little advantage to the English 
army. But the French reporters state (pp. 43 and 62) that on every 5*27 days 
of sickness from all causes there is one day from venereal (vcmSriens) treated in 
hospitals, infirmaries, and barracks, which would give, if the loss of service 
were distributed over the whole army, a loss of 3*9 days yearly for each man. 
In England the loss is between eight and nine days for each man, and there- 
fore it is double the French amount. But we certainly require more perfect 
French statistics before any result can be fairly reached. 

The comparison between our own and other armies will not affect the facts 
as regards us — ^viz., that there is an enormous loss to the State from venereal 
diseases, and it is urgently necessary that some steps should be taken to 
lessen the evil (see Prevention of Disease). It should be understood also 
that the action of syphilis is long continued. Many soldiers die at Netleyt 
from various diseases, whose real affection has been syphilis, so that the intiu- 
ence of this cause is very imperfectly indicated by the number of admissions 
and service lost under the head of enthetic diseases. 

2. The important diseases included under the miasmatic class give about 

one-fifth to one-fourth of the total admissions, or about 220 per 1000. 

» 

1859, 194 

1860, 246 

1861, 221 

Mean, . 220*3 

(a,) Eruptive fevers are not very common, about 3 per 1000. Small-pox 
is checked by vaccination ; measles and scarlatina are not frequent. 

(5.) Paroxysmal fevers (many of which have been contracted out of 
England), give about 11 per 1000. 

(c.) lie continued fevers are more common, but their frequency is lessen- 
ing. There is no doubt that typhoid is th^ chief, perhaps almost the only 
fever besides febricula which is now seen. Spotted typhus is at present very 
uncommon. The continued fevers cause about 30 admissions per 1000 of 
strength. 


♦ Army Medical Report for 1862, p. 153. (Syphilis, ami not venereal, is referred to.) 
t My colleagues, Professors Maclean and Aitken, are both very much impressed with the 
frequent occurrence of marks of continued and dominant syphilitic action in the bodies of men 
who die from what are considered other diseases. 
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(4*) Eh^ujoatistii dyes about 60, dyseiitety tod diaxrboMi SO, sore throat 
and influenza 53, and ophthalmia 30 cases per 1000 of strength, 

^ 3. Integumentary diseases usually give the next greatest number of admis- 
sions — ^viz., from 100 to 130. This does not include scabies, but is made up 
of a great number of cases returned as phlegmon and ulcers (which appear to 
be rather more common among the cavaliy and artillery), and a much smaller 
number of cases of eczema, herpes, psoriasis, and impetigo. 

4. Diseases of the respiratory organs (excluding tuberculosis) give the next 
largest number — ^viz., from 88 to 110 per 1000 ; acute broncldtis gives the 
largest number (more than two-thirds), chronic bronchitis, one-sixth, and 
pneumonia and pleurisy about one-twelfth each. 

6. Accidents follow with from 70 to 80 admissions per 1000 of strength. 
Contusions are much more common in some regiments than in others, espe- 
cially in the artillery and cavalry depots, where recruits are in training. 

6. Diseases of the digestive system cause from 40 to 50 admissions ; dys- 
pepsia is the chief Kea&ig ; then chronic hepatitis (although it is very ques- 
tionable if this term is not a conventionalism), and hoemorrhoids. 

7. Parasitic diseases come next with an average of about 30 to 35 cases per 
1000 ; which are made up of scabies, and a smaller amount of “ porrigo.” 

8. Diseases of the nervous system give about 15 to 20 per 1000. Epilepsy 
gives the largest number ; then otitis ; then cephaloea. 

9. Tubercular diseases cause about 18 admissions per 1000. 

10. Diseases of the reproductive (venereal excluded), locomotive, and urinary, 
give 6, 3J, and 3 admissions per 1000 of strength. 

11. The remaining admissions are made up of smaller classes; corporal 
punishment sends 2 men into hospital yearly out of every 1000 men; these 
points are summed up in the following table, copied from Dr Balfour’s reports : 


Mat toper 1000 of mean Strength, 



I860. 

1861. 

1862. 

Ol^ABSSS. 

Admitted. 

Died. 

Admitted. 

Died. 

Admitted. 

Died. 

Class I. 







Miasmatic, . , . 

246-2 

1-23 

221-2 

-98 

195-3 

-96 

Enthetic, 

369-0 

•08 

353-8 

•16 

329-9 

-11 

Dietetic, 

5-5 

-10 

7-1 

-03 

7-3 

• -05 

Parasitic, 

30-2 

•02 

35-1 


44-3 


Class 11. 







Diathetic, 

1-8 

•12 

2-4 

-16 

3-1 

•14 

Tubercular, 

17-8 

3-47 

18-7 

3-34 

19-6 

3-67 

Class III. 

Nervous System, 

18-8 

•62 

19-9 

-79 

20-2 

-61 

Circulatory „ 

7-6. 

•72 

10-3 

-79 

8-9 

-68 

Eespirato^y „ 

106-5 

1-77 

98-2 

1-44 

86-4 

1-13 

Digestive „ 

36 

•51 

38-9 

-45 

39-0 

-47 

Urinary, „ 

2-7 

•14 

3 

-09 

2-8 

-08 

Reproductive System, 

4-9 

... 

7-6 

• a a 

10-3 

• • . 

Locomotive , „ 

3 

-03 

3-6 

« a a 

4-1 

-01 

•Integumentary „ 

11« 

-14 

119-9 

-07 

128-2 

-03 
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Ratio per 1000 of mean Strength — continued. 


Olassks. 

1860. 

1861. 

1862. 

Admitted. 

Died. 

Admitted. 

Died. 

Admitted. 

Died- 

Class IV.* 







Diseases of Nutrition, 

1 

CO 

p 

2-1 

0-4 

3-2 

0-3 

Class V. 







Accidents, .’ 

78-6 

•60 

80 

•68 

82*5 

•46 

Homicides, . . ) 

•9 

/•02\ 

.1 

r *02 

. . . 

•01 

Suicides, . . j 


i -34/ 

1 

i -16 

•1 

•27 

Execution, . 



. . . 

•03 

• * » 

•01 

Corporal Punishment, 

i-9 

. . . 

2-1 


2*1 

. . . 

Not specified. 

31 

•01 

1-6 


2 

#• • 

Total, 

1052*7 

9*95 

1025*5 

9*24 


8-72 


Can the causes of any of these admissions into hospital be lessened or re- 
moved ? On this point there is no room for doubt that the enthetic admis- 
sions could be greatly lessened; so also could the admissions from fever, 
which have in fact been already reduced from 60 to 30 per .1000 of strength. 
The large class of integumentary diseases would probably admit of reduction. 
What is the exact nature of the phlegmon and ulcers which form so large a pro- 
portion of the admissions Trifling as the cases are, they form a large aggre- 
gate, and a careful study of their mode of production might show how they 
might be diminished. Probably, however, these are mere conventional terms, 
under which a number of trifling cases are conveniently recorded, but a com- 
plete analysis of the returns of one year under phlegmon would be desirable. 
So also of all the other classes, it may be con^fluded that an active medical 
officer might succeed in reducing the cases of rheumatism, bronchitis, and 
dyspepsia.* 


SECTION III. 

Such, then, being the amount of mortality and sickness at home, it may be 
concluded, that the soldier at present is not yet in so good a condition of 
physical health as he might be ; and we can confidently look to future years 
as likely to show a continuance in the improvement no'w going on. 

Health is so inextricably blended with all actions of the body and mind, 
that the medical officers must consider not only all physical but all mental and 
moral causes acting on the men under their charge. 

The amount of work, the time it occupies, its relation to the quantity of 
food, the degree of exhaustion it produces, thciinumber of nights in bed, and 
other points of the like kind ; the mental influences interesting the soldier, 
or depressing him from ennui; the moral effect of cheerfulness, hope, dis- 
content, and despondency upon his health, as well as the supply of water, 


• It is rigtt, however, to say that no medical officer ought to sacrifice his men in the slightest 
degree for the purpose of appearing to have a small sick list and an empty hospital. There is 
a temptation in that direction which we have to guard against, and to remember that the only 
question to be asked is, What is best for the men ? not what will make the best app^rance. 
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feod, cloihiiig, &c.f must be taken into account. And just as the body 
is ministered to in all these ways, so should there be ministration of the 
mind* It is but a partial view which looks only to the body in seeking to 
improve health ; the moral conditions are not less important ; without con- 
tentment, satisfaction, cheerfulness, and hope, there is no health. 

Hygiene, indeed, should aim at something more than bodily health, and 
should indicate how the mental and moral qualities, essential to the particular 
calling of the man, can be best developed. 

How is a soldier to be made not merely healthy and vigorous, but courageous, 
hopeful, and enduring) How, in fact, can we best cultivate those martial 
quidities which ht him to endure the hardships, vicissitudes,. and dangers of 
a career so chequered and perilous ) 

Without attempting to analyse the complex quality called courage, a 
quality arising from a sense of duty, or love of emulation, or fear of shame, or 
from physical hardihood, springing from familiarity with, and contempt of 
danger, it may well be believed that it is capable of being lessened or in- 
creased. In modem armies, there is not only little attempt to cultivate 
courage and self-reliance, but the custom of acting together in masses, and of 
dependence on others, actually lessens this. It is, then, a problem of great 
interest to the soldier, to know what mental, moral, and physical means must 
be used to strengthen the martial qualities of boldness and fortitude. 

The English army has never been accused of want of courage, and the idea 
of pusillanimily would seem impossible to the race. But drunkenness and 
debauchery strike at the very roots of ^ourage ; and no army ever showed 
the highest amount of martid qualities when it permitted these two vices to 
prevail* In the army of Marlborough, the best governed army we ever had, 
and the most uniformly successful, we are told that the sot and the dmnkard 
were the object of scorn.” To make an army perfectly brave, it must be 
made temperate and chaste. 

Good health and physical strength, by increasing self-confidence, increase 
courage, and self-reliance is the consequence of feeling that, under all circum- 
stances, we can faee with strength the dangers and difficulties that present 
themselves. 

Few wiser words were ever written than those by William Ferguson, which 
Ranald Martin has quoted, t and which I subjoin. 

Of the soldiers’ life within these barracks there is much to be said, and 
much to be amended. To take, his guards, to cleanse his arms, and attend 
parade, seeifls to comprehend the sum total of his existence; amusement, 
instruction beyond the drill, military laboui*, and extension of exercises 
would appear, until very recently, to be unthought of ; as it is impossible 
that the above duties can fully occupy his time, the irksomeness of idleness, 
that most intolerable of all miseries, must soon overtake him, and he will be 
driven to the canteen or the gin-shop for relief. 

“ Labour in every shape seems to have been strictly interdicted to the soldier, 
as water for his drink. AU, or nearly all, must have been bred to some trade 
or other before they became soldiers ; but they are to work at them no longer. 
Labour (the labour* of field-works and fortifications), strengthens the limbs and 


* There are many sober and excellent men in the army. But as a rule, the English soldier 
cannot be depended upon under any circumstance, if he can get drink. Well does Sir Ranald 
Martin say, Before that terrible vice can be overcome, something far more powerful than 
medical reasoning on facts, or the warning's of experience founded on them, must be brought 
into active operation. Discipline must still further alter its direction ; — ^in place of being 
active only to punish wrong, it ought and must be exerted further and nirther in the 
encouragement to good conduct.”— ifanofd Ma/rtin, p. 268. 
t Tropical Climates, p. 258. 
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hardens the constitution, but that is never thought of in our militaiy life at 
home; so thought not the ancient Eomans, whose military highways still 
exist, and who never permitted their soldiers to grow enervated in idleness 
during peace. Better, surely, would it be that every one should work at his 
own credt, or be employed on the public works, in regulated wholesome 
labour, than thus to spend his time in sloth and drunkenness. 

“ But his exercises, without even going beyond the barrack premises, may 
be made manifold — running, wrestUng, gymnastic games of every kind, 
swimming, leaping, pitching the bar, the sword exercise, that of the artillery, 
all that hardens the muscles and strengthens the limbs, should be encouraged ; 
and when the weather forbids out-door pastimes, the healthier exercise of 
Single-stick, in giving balance and power to the body, quickness to the eye, 
and vigour to the arm, may properly be taken as a substitute for the dnll, 
which, after the soldier has l^en perfected in liis exercise, is always felt to be 
a punishment. So is the unmeaning evening parade and perpetual roll-caUing. 

“Surely, if the soldier present himself once every morning, correctly 
equipped and in order, the most teasing martinet ought to be satisfied,* and 
then no more should be required than to see that the men are all in their 
quarters on the beating of the tattoo. Surely the use of the sword has been 
too much frowned down, as if it had been a forbidden thing. In the night 
attack the musket is worse than useless, its fire leading to every kind of con- 
fusion ; and at the breach it is little better, for it can only be presented 
against stone walls and ramparts that conceal the defenders ; but it [the sword] 
would cover the swordsman advancing to the breach, and a couple of chests of 
ship’s cutlasses furnished to every regiment as regimental baggage — ^a single 
horse-load — provided the men had been taught to use them, would generally 
supply all that could be wanted for the exigency of the service. 

“ Let any one reflect on the fearful expenditure of life at the breaches at 
Badajos and St Sebastian, and say if some means should not, if possible, be 
devised to render it less costly hereafter. One is almost tempted to regret 
the times ‘ when,’ according to the old song, ‘ oui* leaders marched with fusees, 
and we with hand-grenades :’ and could the good grenadier have carried a 
sword by his side, to use after he had tossed the ball, he would, I believe, 
have done much more execution than with a musket and bayonet : and why 
should the artillery be to him a closed book, as if in the course of his service 
he was never destined to handle or to suffer from it ? A couple of guns, even 
if wooden ones, in every barrack-yard, with an old invalid bombardier to 
teach the use of the rammer, and the sponge, and the match, would fill up 
many a vacant dreary hour, and open his mind to a most useful professional 
lesson. 

“ The lesson, moreover, would be as useful to the infentry officers as to the 
privates. He would then, should he ever prove the captor of a prize gun, at 
least know what it was, and be able to turn upon the enemy the engine that 
had just been used for the purpose of destroying himself. Every sailor, even 
on board a merchant ship, where there are no idlers, must become more or 
less an artilleryman, and why should not the too often idle soldier? 

“ Foot-racingi too, the art of running, so litde practised, and so supremely 
useful, should be held amongst the qualities that constitute military excel- 
lence. It was so held at the Isthmian games of ancient Greece, and deserves 
a better place than has hitherto been assigned to it in the military pastimes 
of modem Britain. In our school-books we are told that the youth of ancient 
Persia were taught to launch the javelin, to ride the war-horse, and to speak 
the truth. Let the young British warrior be taught to use his limbs, to fire 
ball-cartridge, to cook his provisions, and to drink water. Tlie tuition may 
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be less classical^ but it will stand him in &r better stead during every service^ 
whether at home or abroad. 

Begular bodily pleasurable exercise has been said to be worth a host of 
physicians for preserving military health ; and occupation without distress or 
fatigue is happiness. The philosopher can make no more of it ; and every 
idle hour is an hour of irfciomeness, and every idle man is, and must be, a 
vicious man, and to a certain extent an unhealthy one ; for the mind preys 
upon the body, and either deranges its functions in a direct manner, or drives 
the possessor to seek resources incompatible with health. 

“ Barracks, from time to time, should be evacuated for purification. The 
evils and dangers of accumulation will otherwise beset them, inducing disease ; 
and to obviate this, it would be well, whenever practicable, to march out their 
inhabitants, in the summer season, to the nearest heath or common — always, 
however, without tents — and there make them hut themselves. 'No military 
lesson could be more useful tlian this. Every man so hutted would be 
advanced in soldiering to the full instriiction of the campaign. The’ change 
breaking the monotony of barrack life — the novelty would animate ; he 
would be taught how to live in a camp, how to cook and to forage, to use the 
mattock, the shovel, and the axe. 

“ Tents, when the soldier lies upon the cold ground, with a crowd of com- 
rades enclosed within a superficially heated atmosphere, loaded with animal 
exhalations, can only be considered hot-beds for the generation of dysenteiy. 
On their return to barracks they will find everything healthy and refreshed, 
and they will know that they have been made better soldiers. 

“ Some have strenuously recommended barrack libraries ; and surely, when 
we think of the dismal monotony that hangs over the ISoldier in barrack life, 
no one with good feelings could object to them. Still, I must confess that I 
never knew or heard of a reading army. The military exercises and pastimes 
would seem better adapted to the soldier’s character ; and I acknowledge 1 
would rather see him a cook than a student, for on that art his very existence 
may depend ; but if he feel disposed to read, let him have every advantage 
and opportunity that the rules of the service can admit. 

‘‘ Music would seem far better adajjted than even books to fire the soldier^s 
mind, for, when played in national airs, it awakens a chord which has often 
electrified armies ; and amongst all nations, at some period or other of their 
history, it has been the accompaniment and incentive to war. The highly 
civilised English soldier now fights, and can fight, without it ; but if taught 
to feel its powers, would he not fight better with it 1 To the Irish and the 
Scotch soldier it still speaks the language of the heart, and the Highlander, 
when he hears the gathering of his clan blown from the mountain war-pipe, 
becomes elevated and transported beyond himself; he will then encounter 
anything in human shape, unappaUed by all the forms of death that the 
engines of war can inflict.”* 

In many of the foreign stations of the British army, excellent opportunities 
exist for l^th occupying the men and developing their spirit. All history 
teaches us that a hunting race is a martial one. The remarkable fighting 
qualities of the. English, as drawn in Froissart’s Chronicles, were owing to the 
fact that at that time they were “ a nation of hunters,” and trained from 
infency to fSace dangers alone. In India there are many places where men 
could not only be allowed to hunt, but where such permission would be the 

* Such, then, was the advice of an old Peninsular surgeon many years ago ; how time is 
bringing the fulfilment of every recommendation : how much lost time would have been saved 
had William Ferguson's counsel found a Sidney Herbert to recognise its value and to carry it 
Into effect.. 
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greatest boon to the inhabitants. Yet this is never thought of, because it is 
imagined it would relax discipline, or would expose the soldier to the sun. 
But discipline and health are both infinitely more imperilled by the present 
system, to say nothing of the soldierly qualities which should be cultivated 
with so much care. 

Moral and mental means for increasing health, courage, and self-reliance, 
must also be adopted. 

The English army offers but few incentives to good conduct, scanty en- 
couragement for the cultivation of martial qualities. Men must have rewards, 
and feel that earnest endeavour on their part to become in all respects better 
soldiers is neither overlooked nor unrewarded. 

The cultivation of the martial qualities of the soldier is in reality a part of 
hygiene considered in its largest sense, but this part of hygiene must be 
studied and carried into effect by the combatant officers. Let us trust it may 
not be long before they seriously study and endeavour, by precept and 
example, to promote the formation of those habits of boldness and endurance, 
and that fei*tility in resources, which alone can render an army the formidable 
instrument it is capable of becoming. 



CHAPTER III 


FOREIGN SERVICE. 


The foreign service of the British army is performed in every part of the 
world, and in almost every latitude, and probably more than two-thirds of 
each line-soldier*s service is passed abroad. The mere enumeration of the 
stations is a long task; the description of them would demand a lai^e volume. 
In this short chapter, to give a few general statements as to climate and 
geology, and the past and present medical history of the stations, only can be 
attempted ; such an outline as may give medical officers a sort of brief sum- 
mary of what seems most important to be known. 

Detailed and excellent accounts of most of the foreign stations exist, either 
in the independent works of army surgeons, such as those of Marshall, Hen- 
nen, and Davy, and many others, or in reports drawn up for Government, 
and published by them. In the early Statistical Eeports of the Medical 
Department of the army, short topographical notices of the stations were in- 
serted ; they are models of what such reports should be, and must have been 
drawn up by a master in the art of condensation. In the Annual Reports 
now published, many excellent topographical descriptions are inserted ; and 
some of the Indian Governments have published a complete description of 
aU their stations. In the “ Bombay Transactions,” the “ Madras Medical 
Journal,” and the “Bengal Indian Annals,” are very full accounts of almost 
every station that has been, or is, occupied by European troops in India. 
Ein^y, in the “ Indian Sanitary Report,” is much important information on 
the meteorology and topography of the present Indian stations. Young 
medical officers first entering on foreign service are strongly advised to study 
these accounts of the stations in the command where they are serving ; it -will 
not only give them interest in their service, but will aid them in their search 
how best to meet the climatic or samtary conditions which affect the health 
of the men under their charge. 


SECTION I. 

MEDITERRANEAN STATIONS.* 

Gibraltar. 

Usual peace garrison = 6000 men. Period of service, three years. Civil’ 
population = 17,760 (in 1867). Height of rock, 1439 feet at highest point. 
Nature of rock, grey limestone, with many cavities filled with reddish clay ; 
under town, an absorbent red earth forms the subsoil. 

* 'A very important Report on the Mediterranean Stations has lately been published by the 
Barrack Improvement Oommissionem (Dr Sutherland and Captain Oalton).— 1868 . 
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Climate, — Mean temperature of year = 64*1 f hottest month, August (in- 
variably in 8 years) = 76*6 ; coldest month, either January or February, in 
equal proportions, 63*77 ; amplitude of the yearly fluctuation, 22*83 ( = dif- 
ference between hottest and coldest months). 

Mean monthly majdmum and minimum in shade t — ^Hottest month, July 
or August — ^mean maximum = 89° ; coldest month, December, January, or 
February — ^mean minimum, 42°. Eange of highest and lowest monthly 
means of maximum and minimum, 47°. Extreme yearly range (difference 
between highest and lowest temperature recorded in the time) about 50° 
to 68°. The TniniTu^Tn thermometer on grass sometimes Mis to 4° or 6° below 
freezing. 

Rain-fall, — Mean 32*8 inches (mean of 70 years, 1790-1860). Greatest 
amount in any one year, 76*8 (1855), Least amount in any one year, 15*1 
(1800). The importance of this great variation, as regards sieges, is evident ; 
Gibraltar might be efnbarrassed for water, if the rain-faU were only 15 inches 
in a year of siege. 

Number of rainy days = 68. The rain is therefore inficequent, but heavy. 

The rain falls in nine months, September to May ; greatest amount in 
January and November j most rainy days in April. Summer, rainless. 


Humidity, 


Mean dew-point of year, 
Mean highest dew-point ) 
in August, j 

Lowest dew-point in January 
or February, 


Dew-point. 

Grains of 
Vapour in a 
cuoic foot. 

Relative 

Humidity 

SatsrlOO. 

65-9 

5*75 

72-3 

67-9 

7-5 

70-9 

43-6 

326 

69-1 


Gibraltar is thus seen to be a rather dry climate ; at any rate, the air is on 
an average only three parts saturated with moisture, and therefore evaporation 
from the skin and lungs will be tolerably rapid, provided the air moves freely. 
It is certainly not a moist insular climate, as might have been anticipated. 
At the times of rain, however, and during the fogs and moist sirocco, the air 
is nearly saturated. 

Winds, — Chiefly to the N.W. or S.W. or W., in January, April, May, June, 
and October. Easterly in July, August, and September. But sometimes the 
easterly winds are more prevalent, or may be moderate for almost the whole 
year. The east and south-east winds are sirocco (Levanteros), and are often 
accompanied by rain and fogs. 


Sanitary Conditions, 

Watef!' supply, — Quantify is very deficient ; in 1861 only 2J gallons daily 
were supplied for non-commissioned officers and privates. 

Sources, — ^Wells and tanks, rain water, and a small aqueduct carrying sur- 
face water. Nothing has been done to improve the water supply for 160 
years. 


• Mean of eight years’ obseivations by the Royal Engineers (1863-1860), as given in the 
Barrack Commissioners’ Blue-Book (1863). Xhe numbers given by Dove are rather different, 
viz., mean of year 66*. Hottest month, July, 79*'6. Coldest month, February, 66**6. Mean 
yearly range 22**9. Eartreme yearly range, about 60*. 

t Of the eight years (1863-60) given m the report above quoted, the difference between the 
monthly mean maximum and minimum is so much less in the last three years, as to make one 
sttsp^ some error in observation. 
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Quaiity. — a well from the neutral ground analysed by Mr Abel, there 
was much sulphate and nitrate of lime (4*6 and 6 grains per gallon), and car* 
bonate of lime (12 grains per gallon), also alkaline chlorides (7 or 8 grains), 
and 4 grains of organic matter. A tank water contained less lime, but much 
carbonate of magnesia. A well water in the toTm contained no less than 
49*6 grains of nitrate of lime, and 15 grains of sulphate* of lime, per gallon. 
The immense amount of nitric acid points unequivocally to the oxidation of 
animal organic matter. 

In 1861, the storage in the military tanks was 1,971,844 gallons, while 
the daily consumption was 18,769 gallons, which is equal to 6,845,936 
gallons yearly ; or, in other words, the storage is not equal to three months* 
consumption. 

Many of the houses of the civilians have tanks, and no new house is allowed 
to be built without a tank. The distribution of water, both to soldiers and 
civilians, is veiy defecti^ve ; it is almost entirely by hand* 

Drainage , — The sewers which exist are badly planned, without ventilation, 
and from bad outfall are liable to be choked ; the sewage is poured out into 
shallow sea-water, which is very offensive ; the supply of water for sewers is 
most deficient. Surface draining and cleansing was, in 1861, extremely 
defective. 

Barracks , — More than half the garrison is in casemates, which are “ mere 
receptacles of foul air, dark, damp, and unwholesome.*’* The barracks are, 
for the most part, badly arranged and are over-crowded ; the average cubic space 
(in 1862) was only about 450 feet, and the average superficial space under 40. 
Ventilation is very defective, especially in the casemates. The means of 
ablution, are, of course, defective. Latrines and urinals are also defective.+ 
The duties are not heavy, and the rations are said to he good. In 1860 some 
improvements were made in the dress of the troops, and a light summer suit 
ordered. Flannel next the skin has been recommended strongly for Gibraltar, 
on account of the occasional cold winds. 

Health of the Civil Population, 

Gibraltar is now a place of considerable trade ; whether the Government 
have been right in allowing a mass of people to herd closely together in the 
midst of the most important fortress we possess, is very questionable. In 
case of a siege they would be a serious embarrassment, and even in time of 
peace they are objectionable. The health of this community is bad \ in 1860, 
the northern district, where population is densest, gave 38 deaths per 1000, 
or, excluding cholera, 33*5 ; in the more thinly populated southern end, the 
mortality was 27*5 per 1000, or more than St Giles* in London, The deaths 
in children under one year form 17*33 per cent, of the total mortality. The 
prevailing causes of this mortality are fevers (in all probability typhoid), and 
tuberculous consumption which causes 13 per cent, of the total deaths at all 
ages, or 37*6 per cent, of the total deaths at the 8oldier*s ages. Dysentery and 
diarrhoea are common. 

In this compressed and dirty population several great epidemics have 
occurred. The bubo plague has not been seen since 1649 ; but yellow fever 
prevailed in 1804, 1810, 1813, and 1828. Cholera has ^prevailed several 
times. 

* Barrack Comnussionera* Beport> p. 87. 

f All these points are noted in the Barrack Commissioners’ Report, and will no doubt be 
soon altered ; they are merely referred to here as bearing on the question of the amount and 
Invention of disease. Flans of all the proposed improvements are given in the CommisBioneTs’ 
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An immediate and complete amendment of all these bad sanitary conditions 
is imperatively demanded, on account of the danger to the troops during a 
siege, if for no other reasons. 


Health op the Troops. 

1. Lo88 of Strength hy Death or Invaliding per 1000 jper annum, 

(a,) By Death, — ^From year to year there has been a considerable variation 
in the number of deaths, occasionally as low as 7*46, and as high as 16*9. 

^ Deaths per 1000 

of StrengtlL 

1837-66 inclusive, . . . 12*9 

1859 (including invalids sent home^, . . 7*76 

1860 (including invalids sent home), a cholera year, 11*06 

1861 „ „ . ^ , 906 

1862 . . . . . . 7*46 


Exclusive of cholera, the yearly mortality seems to be now about 8 per 
1000. It differs greatly in the different regiments. 

Causes of Death , — In the earlier years, the large causes of deaths were — 


Phthisis, . 

41* per 

cent, of total deaths. 

Fever (typhoid ?) . 

17*65 



Head affections (D.T.) 

9*28 


>> 


67-93 




This gre^t amount of phthisis in such a climaie naturally excited great 
surprise ; it was certainly not owing to climatic agency, as of late years the 
number of cases has declined; it was almost certainly owing to the great 
crowding and to the number of ill-ventilated casemates inhabited by troops. 
The excess of fevers is seen by comparing the number given above with that 
of the home service. 

During the last few years, the mortality from phthisis at Gibraltar has 
lessened, the fevers have increased. 

In 100 Deaths. 

1859. 1860. 1861. 

Phthisis, . . 12*5 11*3 12 

Fevers (typhoid?) . 22*5 9*6 39*95 


The decline of one disease and increase of the other is, however, better seen 
by taking the admissions. 

Admissions per 1000 of Strength. 

1837-46. 1859. 1860. 1861. 

Phthisis, . .11 6 4*8 8*9 

Continued fevers (typhoid), 76*46 107*51 59*4 108*3 

llie decrease in phthisis may be owing probably to some improvement in 
ventilation, and to the practice of encamping the men out, or it may be more 
apparent than real ; for, as will be seen immediately, a large number of 
tuberculous cases are sent home. The increase in continued fevers must be 
simply attributable to an increasing imperfection in drainage. 

Dysentery and diarrhoea form the next class of diseases, which, in former 
years, caused a considerable mortality and a large number of admissions. 
Their prevalence was nearly three times that of the same affections at home, 
and at the same time digestive diseases of some kind or other were very frequent. 
Of late years they have decreased, but are still more common than they should 
be. There is no doubt that they are owing to impure water, and not to any 

2 K 
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lecondite clismtic conditions. In 1860 cholera prevailed, and caused an 
inereasis in the deaths. 

(b.) By Invaliding , — The amount varies considerably from year to year ; 
in 1859-60, the average invaliding for discharge was 10 per 1000 of strength ; 
1861, no less than 22'8 ; a very large proportion (nearly one-third) of these 
are tuberculous cases, so that the apparent lessening of these cases of phthisis 
in the death list may simply be that the men are not now allowed to die on 
the rock. In addition, men are sent home for change of air ; the proportion 
is about 20 per 1000 of strength. Cardiac diseases, diseases of the eyes, 
dysentery, and liver diseases, constitute the next chief classes of disability. 

The causes of the large proportion of cardiac diseases are not clear, but 
those of the eyes and dysentery are obvious enough. In both cases, the water 
is no doubt the main cause ; quantity in the one case, quality in the other, 
being to blame. 

The excess of liver cases is a curious subject, which requires looking into 
it was noticed very early in the Statistical Keports. 

The loss at Gibraltar by death and invaliding appears therefore to be from 
20 to 25 men per 1000, or 120 men yearly out of the garrison. 

2. Loss of Service by Sickness, 

Per 1000 of Strength, 


Years. 

Admissions per 
Aniiuiii. 

Mean daily 
Sick. 

Mean Stay in 
Hospital of each 
Sick Man, 

1837-56, 

976 


... 

1859, 

949 

46-90 

18-04 

1860, 

825 

40-56 

17-93 

1861, 

927 

47-64 

18-75 

1862, 

878 

44-05 

, 

18-30 


Each soldier loses from sickness about sixteen days* service annually, or 
rather less than at home. As compared with home service, the admissions are 
rather fewer; the mean daily sick rather less, and the duration of cases 
rather less. 

Of the diseases causing admissions, venereal affections are less frequent than 
in England, varying from 170 to 240 per 1000. * Integumentary diseases give 
the next greatest number ; phlegmon and ulcers forming the largest number, 
as at home. Continued fevers give the next greatest number, and in 1859 they 
amounted to no less than 107 per 1000, or one admission for every ten men 
in the garrison. The digestive and dysenteric diseases come next in order of 
frequency ; and after these, rheumatism, which is about as common as at home. 

These figures tell the same tale as the mortality returns. Bad drainage and 
bad water are the causes of the diseases giving the largest number of admissions. 

Venereal diseases are somewhat less than at home, being repressed by police 
regulations. One point that needs investigation is, whether there is any 
other cause (in food?) for the rather large number of cases of digestive dis- 
order. 

Sanitary Duties at Captain Galton and Dr Sutherland have 

already indicated the measures which must be adopted, viz., a better supply 
of water, by arranging a larger storage ; a better drainage, with sea-water for 
flushing, and a different outlet ; and an improved ventilation, with less crowd- 
ing in barracks. There is no doubt these measures will greatly improve health. 
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It 3iiay be suggested whether, as water is so deficient, a removal of sewage 
by hand might not be employed. The soil might be used for cultivation 
in the neighbourhood of the Eock, or carried out to sea. 

Supposing war were to arise at this moment, and that we lost the com- 
mand of the sea for a time, the points of danger would apparently be these ; — 

1. Deficient Water, Storage being small, and Rain-fall uncertain* — This 
would have to be supplied by distilktion, and it would be prudent to keep a 
good apparatus always at Gibraltar. 

2. Over-c/rowding and Bad Ventilation, leading to Spotted Typhus . — ^With 
a full garrison, and with some barracks untenable, there is no doubt there 
would be serious danger of this disease ; and it is a matter pf great moment to 
ventilate as perfectly as possible all casemates which, even if now disused, 
must be used in time of war. 

3. Typhoid Fever from Bad Drainage. — ^The drainage should be put into 
thoroughly good order in time of peace, either by adopting good sewers, and 
sea-water for flushing, or using the dry method. 

4. Diseases arming in the Town, and spreading to the Garrison. — In case 
of war, it would seem most desirable to clear out the native town as far as it 
can be done. More space and more water would bo available. There 
would be less chance of famine, destitution, and disease. 

In the war in 1782, scurvy prevailed from deficiency of food and fresh 
vegetables. 

Malta. 

Size 17 miles by 8. Usual peace garrison =6000 to 7000 ; period of ser- 
vice, three years ; population (civil) in 1851 = 98,021. 

Geology. — Soft, porous rock ; the greater part is sandstone resting on hard 
limestone ; in some parts marl and coral limestone over the sandstone. In 
the centre of the island, at Citta-Vecchia, there is, in order from the surface, 
alluvium, upper limestone, red sand, marl, sandstone, and lower limestone. 
Valetta is on tliiii alluvium, with thick sandstone below, and beneath this 
the lower limestone. 

Climate {at Valetta). — Mean of year, 68° ; hottest month (July), 77° ; 
coldest (January), 57°; amplitude of the yeai’ly fluctuation, 20°; extreme 
yearly range (from highest to lowest temperature in shade), 62°, from 100° in 
July to 39° in January ; mean yearly range, about 50° ; extreme monthly 
range {l.e., from highest to lowest in month), about 25° to 35°. 

Undulations of temperature are frequent, and there are often cold winds 
in winter from N.W. The south-east wind is an oppressive sirocco, rais- 
ing the temperature to 94° or 95°. It is chiefly in the autumn, and blows 
for from 60 to 80 days every year. At Citta-Vecchia (600 feet above 
the sea) the temperature is lower and the air keener. Eain-fiill about 32 
inches. Chief rain in November, December, and January ; less in February 
and March ; small in amount in the other months. From June to August 
almost rainless. 


Humidity . of 1859-60) ; observations at 9*30 a.m. and 3*30 p.m. 


Dew-point. 


Grains of 
Vanour in a 
cuoic foot. 


Relative 

Humidity. 

62 


Mean of year, . . 00*5 5.87 

Highest in year (August), .72*7 8*73 

Lowest in year (February), 49 3*96 

Malta thus appears to be a dry climate, i.e., wdth little relative humidity. 

2x2 
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Sanitary Conditim. 

Much has been done of late years, and, as far as external cleanliness 
goes, Valetta is very clean. Water supply from rain and springs (the 
largest of which is in the centre of the Mand, and the waters of wnich 
are led by aqueduct), is not veiy deficient in quantity (8 to 10 gallons 
per head), and, except in some places, good in quality, though the rain- 
water contains chlorides from the spray falling on the roofs of buildings. 
Some of the tanks are too near the sea, which percolates into them. The 
tanks require, however, careful looking after. Within the lines there are 
272 public and military tanks, with storage for 65 millions of gallons, and 
4294 private tanks, with storage for 323 millions of gallons. The military 
tanks, if full, would give 6 gallons of water per man daily for eleven 
months, but even now the water often falls short. The water is now 
carried everywhere by hand, and the drinking-water for the men is not 
filtered. The sewers in Valetta are bad in construction and outlet, and 
much typhoid has been and is still caused in consequence. In many cases 
“ they are nothing but long cesspools.”’*' 

The barracks are bad, many casemates being used, and buildings in- 
tended for stores and not for habitations. In some cases, all sanitary 
considerations have been sacrificed for the purposes of defence. They are 
built of soft sandstone, which both crumbles and absorbs wet. The ven- 
tilation of the casemates is very bad. The Barrack Commissioners, in their 
Keport, recommended that in every way which can be done the ventilation 
should be improved by admitting the wind, especially from the north, and 
that each barrack will require a separate plan to meet the particular case. 
They recommend that air shafts shall be made much larger than ordered for 
home service, viz., 1 square inch for every 20 cubic feet of space, or for a 
barrack of twelve men with regulation space (7200 -f- 20 = ) 360 square inches 
( = 2 J square feet) of outlet opening. At the present time the amount of 
cubic space is below the home service amount (600 cubic feet) and the super- 
ficial area is very small, one-fourth of the men having less than 40 square 
feet each. 

Means for ablution are veiy deficient. Urinals and water latrines are made 
of porous stone, and are also bad in construction. 

It is therefore evident that the cQndition of Malta is a parallel to that of 
Gibraltar, and very much the same diseases may be expected,' viz., typhoid 
fever from bad drainage, and lung disease from the faulty ventilation. As 
the water is less impure, the amount of dysentery may be expected to be 
less. 


Health of th^ Civil Population. 

There is some, but no great amount, of malarious disease, but a good deal 
of the so-called bilious remittent,+ and typhoid. Typhus is not at present 
seen. Bubo plague has prevailed seven times, the last in 1841, slightly. 
Yellow fever has been known, but not of late years. Cholera has occurred 
twice. Dysentery is common ; tssnia not infrequent ; ophthalmia common, 
from dust and glare. Boils or anthrax are frequent, rheumatism is not 
uncommon, and phthisis is said to be frequent (from dust ?). The death rate 
is said to 21*3 per 1000 in the towns, and 28*7 in the country districts, 

♦ Barrack Commissionsrs’ Report, p. 111. 

t See Dr Karston’s excellent Keport in the Army Medical Report for 1861, for the symptoms 
of this disease among troops. 
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while nearly 67 J per cent, of this is in children under five years,* the great 
causes of infiintile mortality being registered as teething and convulsions. 


Health of the Troops, 

On the whole, the health of the troops is worse than at Gibraltar, but it has 
singularly fluctuated (even without great epidemics), more so probably than 
at any station in the same latitude. The mortality has varied as much as 
threefold without cholera. 


Years, 

Loss of Strength per 
1000 per annum. 

Loss of Service per 1000 
per annum. 

Deaths. 

Invalided 

for 

discharge. 

Admissions 

Mean daily 
sick. 

Days in 
Hospital 
to each sick 
man. 

1837-46, . 

15-3 


1120 

43-79 


1859, 


8-29 

1214 

51-81 

18-91 

1860, 

10-59 


983 

47-40 


1861, 

11-15 


772 

48-67 


1862, 

9-23 


695 

39-27 



Therefore the total loss of men per year is 20 per 1000, or 120 for a garrison 
of 6000, and the days’ service lost per annum is 17,078 days out of (366 x 
6000 = ) 2,190,000 days. It will thus be seen that of late years the mortality 
and admissions have both declined, but the mortality in former years has 
been as low as 5*6, and it is impossible to be certain that the present low 
mortality will continue. 

In former years phthisis was the cause of 39 per cent, of the deaths, or 
nearly the same as at Gibraltar. Latterly there have been fewer deaths at 
Malta, but a considerable number of tubercular cases are sent home. The 
disease is probably detected more early, and the men do not die as formerly at 
the station. Still this does not account for the whole diminution, and there 
has been clearly a lessening of phthisis. There was a large amount of stomach 
and bowel disease, and dysentery was forty times as frequent as in England, t 
This is certainly a very remarkable circumstance, that both at Gibraltar and 
Malta there should have been this extraordinary liability to affections of the 
alimentary canal. At Malta, as at Gibraltar, it may have been chiefly owing 
to impure water and to food (Keport of 1853, p. 118). Of late years the 
stomach and bowel affections are less frequent, but are still more common 
than at home j in 1861, the 89,000 men on home service gave only sixty-seven 
cases of acute dysentery and no deaths, while the 6000 men at Malta had 
thirty-four cases and two deaths. * 


* Report of Barrack Commissioners, p. 87. The Commissioners justly remark that these 
figures are so striking as to demand further inquiry. Probably they are quite untrustworthy, 
yet both at Gibraltar and Malta it would* ^ of the greatest importance, not merely for the 
health of the troops in peace, but for the security of the fortress in war, to know everything 
(^bout the social lire and the diseases of the native population. 

t In England, in 1837-46, every 1130 men gave one case of dysentery ; in Malta, in the same 
years, every twenty-eight men gave one case of dysentery. Tne mortality of the disease was, 
however, nearly the same (see pages 21 and 118 of the Report of 1853). 
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A continued fever (which was probably in great measure typhoid) has pre- 
vailed more or less for the last forty years at Malta, and doubtless also before 
that time. It has been quite as prevalent and fatal of late years as formerly; 
in 1859 there were 1413 admissions out of a garrison of 5310 men, or at the 
rate of one man in every four ; and the deaths from fever were 44 out of 96 
total deaths, or 45*83 of the total mortality. 

In the Statistical Eeport for 1853, it is observed that the number of cases 
of liver disease at Malta are remarkably high, and the writers, while believing 
there must be “ something in the climate of Malta peculiarly favourable to 
the production of hepatic affections,” were unable to find, on bringing the 
cases into relation with the temperature, any connection. The cause of this 
may be something very different, and it is very desirable that the food should 
be looked to. There is a suspicion at Netley (which requires a few years 
more experience to, test it) that the cases of echinococcus of the liver are 
more frequent in men from the Mediterranean stations than others (Dr 
Maclean). The case of Iceland (see page 165, and the Eeport on Hygiene in 
the Army Medical Eeport for 1862, p. 339) should lead us to look into this 
point. The history of admission for venereal disease is important ; in 1837- 
1846, inclusive, the admissions were only 99 per 1000, or two-thirds less than 
at home ; in 1859, when the next report appeared, they were 149 per 1000 ; 
and in 1860 they were 147*9 per 1000. In the early period there were police 
regulations, which were suspended in the two latter years. In June 1861, 
the police regulations were re-enforced, and the admission for the year sank to 
102. The 4th battalion of the Eifle Brigade showed the following remarkable 
result : — In the first half of 1 86 1 , there were fifty-seven admissions ; in the last 
half, only seventeen. In 1862, the tohil number of cases of “ enthetic disease” 
in the whole garrison were only 49*5 per 1000, a result which, compared with 
home service, is maiwellous; the reduction is almost entirely of syphilis, not of 
gonorrhoea. The large number of admissions from phlegmon and ulcers is as 
striking in Malta as at Gibraltar and at home, and here as there these are pro- 
bably mere conventional terms. Such then, in brief, seem to be the chief 
medical points of importance at Malta, viz., a liability to phthisis, less marked 
of late years ; a great amount of fever, from bad sanitary conditions in great 
part; a liability to stomach and intestinal affections, which, though less obvious, 
is still great, and a singular tendency to a liver affection, which may be para- 
sitic. The chief improvements advised by the Barrack Commissioners refer 
to a larger water supply, a better distribution, improved drainage, and efficient 
ventilation. 

In time of war, the dangers at Malta would be the same as at Gibraltar ; 
the aqueducts might be cut by a besieging force, and the water supply 
restricted to the tanks. Although these are supposed to hold a large 
quantity, they are not kept full, and could not, perhaps, be rapidly filled. Tlie 
garrison might be driven to distil the sea water. The Barrack Commissioners 
very properly strongly advise that a tank inspector should bo appointed. A 
still more serious danger would be the overcrowding of a war garrison. Doubt- 
less, in case of a war, the garrison would only be concentered in the lines 
when the siege commenced, but the crowding during a siege of three or six 
months might be very disastrous. This danger should be provided for before- 
hand by a clear recognition of what accommodation would be wanted for war, 
and hoAP it is to be obtained without violating either the conditions of health 
or of defence. 

The drainage -will no doubt be soon remedied in accordance with the 
recommendations of the Barrack Commissioners, 
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SECTION 11. 

WEST INDIES. 

The history of salutary science affords many striking instances of the 
removal of disease to an extent almost incredible, but no instance is more 
wonderful than that of the West Indies. Formerly, service in the West 
Indies was looked on as almost certain death. It is not fifty years since, thd 
usual time for the disappearance of a regiment of 1000 strong was five years. 
Occasionally in a single year a regiment would lose 300 men, and there 
occurred from time to time epochs of such fatality that it was a common 
opinion that some wonderful morbid power, returning in cycles of years — 
some wave of poison — swept over the devoted islands, as sudden, as unlooked- 
for, and as destructive as the hurricanes which so sorely plague the 

** Golden isles set in the silver sea.” 

What gave countenance to this hypothesis was, that sometimes for months, 
or even for a year together, there would be a period of health -so great that a 
regiment would hardly lose a man. But another fact less noticed was not so 
consistent with the favourite view. In the very worst years there were some 
stations where the sickness was trifling, while, more wonderful still, in the 
worst stations and in the worst years there were instances of regiments 
remaining comparatively healthy, while their neighbours were literally deci- 
mated, And there occurred also instances of the soldiers dying by scores, 
while the health of the civil inhabitants in the immediate vicinity remained 
as usual. 

If anything more were wanted to show the notion of an epidemic cycle to 
be a mere hypothesis, the recent medical history of the West Indies would 
prove it. At present this dreaded service has almost lost its terrors. There 
still occur local attacks of yellow fever, which may cause a great mortality ; 
but for these local causes can be found, and apart from these the stations in 
the West Indies can now show a degree of salubrity almost equalling, in 
some cases surpassing, that of the home service. 

The causes of the production, and the reasons of the cessation, of this great 
mortality are found to be most simple. It is precisely the same lesson which 
we should grow weary of learning if it were not so vital to us. The simplest 
conditions were the destructive agents in the West Indies. The years of the 
cycles of disease Wore the years of over-crowding, when military exigencies 
demanded that large garrisons should hold the island. The sanitary con- 
ditions at all times were, without exception, infamous. 

There was a great mortality from scorbutic dysentery, which was almost 
entirely owing to diet.* Up to within a comparatively late date, the troops 
were fed on salt meat three, and sometimes five, days a-woek, and the supply 
of fresh vegetables was scanty. It required all the influence of Lord Ho wick, 
the th<ni Secretary at War, to cause ^sh meat to be issued, though it had 
been pointed out by successive races of ifledical officers that fresh meat was 
not only more wholesome, but was actually cheaper. The result of an im- 
provement in the diet was marvellous ; the scorbutic dysentery at once 
lessened, and the same amount of mortality from tliis cause is now never 
seen. Another cause of dysentery was to be found in the water, which was 


f Tliis is pointed out in the Statistical Report (1838) on the West Indies by Tulloch and 
Balfour, and it is believed that the improvement in the diet was in a great measure owing to 
these gentlemen- 
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imptire ft*om being drawn from calcareous strata, or was turbid and loaded 
with sediment’ The substitution of rain water has sufficed in some stations 
to remove the last traces of dysentery. - 

If the food and water were bad, the air was not less so. Sir Alexander 
TuUoch has given a picture of a single barrack at Tobago, said to be the best 
in the whole Windward and Leeward Command,”* the figures of which tell 
their own tale. 

Barrack at Tobago in 1826 — Superficial space per man, 22J feet; breadth, 
23 inches ; cubic space, 250 feet. 

The men slept in hammocks, touching each other. In these barracks, 
crowded as no barracks were even in the coldest climates, there was not a 
single ventilating opening except the doors and windows ; the air was foetid 
in the highest degree. With this condition of atmosphere, it is impossible 
not to bring into connection the extraordinary amount of phthisis which 
prevailed in the soft and equable climate of the West Indies. There was 
more phthisis than in England, and far more than in Canada. The first great 
improvement was made in 1827, when iron bedsteads being introduced, each 
3 feet 3 inches wide, greater space was obliged to be given to each man. 

Every arrangement for removal of sewage was barbarous, and in every bar- 
rack sewage accumulated round the buildmgs, and was exposed to heat and 
air. When yellow fever attacked a regiment, every stool and. evacuation was 
thrown into the §esspools common to all the regiment ; and in this way the 
disease was propagated with great rapidity, and was localised in a most 
singular manner, so that a few hundred yards from a barrack, where men 
were dying by scores, there would be no case of fever. In spite of this, it 
was many years before the plan of at once evacuating a barrack where yellow 
fever prevailed was adopted. 

The barracks themselves were usually very badly constructed, and wheu in 
some cases the architects had raised the barracks on arches from the ground, 
in order to insure perflation of air below the buildings, the arches were 
blocked up or converted into store-rooms ; and the barracks, with spaces thus 
filled with stagnant air beneath them, were more unhealthy than if they had 
been planted on the ground. 

The localities for barracks were often chosen without consideration, or for 
military reasons, t into which no consideration of health entered. Almost all 
were on the plains, near the mercantile towns, where the soil was most mala- 
rious, and the climate hottest and most enervating. Malarious fevers were, 
therefore, common. 

To all these causes of diseases were added the errors of the men themselves. 
For the officers there existed, in the old slave times, the greatest temptation. 
A reckless and dangerous hospitality reigned everywhere ; the houses of the 
rich planters were open to aU. A man was deemed churlish who did not 
welcome every comer with a full wine, or more often a brandy cup. 

In a climate where healthy physical exertion was deemed impossible, or was 

♦ Report, 1838. 

t The hietoiy of the old St James’s Barracks in Trinidad is too remarkable to be passed 
over. It was aetermined to build a strong fort, a second Gibraltar, on the lower spurs of the 
hills overlooking the plain where the barracks now stand. When the works had been carried 
on for some time, it was discovered that they could not hold the troops. The barracks were 
then ordered to be placed on the plain, under cover of the guns of the fort. Before the fort was 
quite finished, it was found to m so unhealthy that neither white nor black men could live 
were, and it was abandoned. The barrack, it is said, was not then commenced ; yet, though 
the reason for placing it in that spot had gone, it was still built there, on a piece or ground 
near two marshes (Cocorite and the Great Western Marsh), below the general level of the plain, 
and expbsed io the winds from the gullies of the neighbouring hills. Yet this bad position, so 
fniitful of disease, was in reality less ii\jurious than the local bad sanitary arrangements of the 
old St James's Barrack itself. 
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at any rate distasteful, it was held to be indispensable to eat largely to maintain 
the strength. To take two breakfasts, each a substantial meal, was the usual 
custom; a heavy late dinner, frequently followed by a supper, succeeded; and to 
spur the reluctant appetite glasses of bitters and spirits were taken before meals. 

The private soldiers obtained without difficulty abundance of cheap rum, 
which was often poisoned with lead. Drunkenness was almost univer^, and 
the deaths from delirium tremens were frequent and awfully sudden. The 
salt meat they were obliged, to eat caused a raging thirst, which the rum bottle 
in reality only aggravated. 

To us these numerous causes seem sufficient to account for everything, but 
in former days an easier explanation was given. It was held to be the climate ; 
and the climate, as in other parts of the world besides the West Indies, became 
the convenient excuse for pleasurable follies and agreeable vices; and in order 
to do away with the effects of this dreaded climate, some mysterious power 
of acclimatisation was invoked. The European system required time to get 
accustomed, it was thought,, to these climatic influences, and in order to 
quicken the process various measures were proposed. At one time it was 
the custom to bleed the men on the voyage, so that their European blood 
might be removed, and the fresh blood which was made might be of the kind 
most germane to the West Indies. At other times an attack of fever (often 
brought on by reckless drinking and exposure) was considered the grand pre- 
servative, and the seasoning fever was looked for with anxiety. The first 
statistical report of the army swept away all these fancies, and showed con- 
clusively that instead of prolonged residence producing acclimatisation and 
lessening disease, disease and mortality increased regularly with every year of 
residence. 

The progress of years has given us a different key to all those results. It 
is now fully recognised that in the West Indies, as elsewhere, the same cus- 
toms will insure the same results. Apart from malaria, we hold our health 
and life almost at will. The amount of sickness has immensely decreased ; 
occasionally in some stations which used to be very fatal (as at Trinidad) there 
has not been a single death in a year among 200 men. Among the measures 
which have wrought such marvels in the West Indies have been : — 

1. A better supply of food ; good fresh moat is now issued, and vegetables, 
of which there is an abundance everywhere. 

2. Better water. 

3. More room in barracks, though the amount of cubio space is still small. . 

4. Kemoval of some of the stations from the plains to the hills : a measure 
which has done great good, but which can explain only a portion of the im- 
provement., The proper height to locate troops is by most army surgeons 
considered to bo at some point above 2500 feet. 

5. Better sewage arrangements, and more attention generally to sanitary 
conservancy. 

6. A more regular and temperate life both in eating and drinking on the 
part both of officers and men. 

7. The occupancy of the unhealthy places, when retained as stations, by 
black troops. 

8. A better dress. It is only, however, within the last two or three years 
that a more suitable dress has, Ut the instance of the present Director-General, 
been provided for the West India islands. 

The army stations in the West Indi^ are, Jamaica, Barbadoes, Trinidad, 
St Lucia ; the last three being included in the term “ Windward and Leeward 
Command” British Guiana, on the mainland, is part of this command. 
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There axe email parties of artillery and some black troops in Honduras and 
the Bahamas. 

The period of service is now three or four years ; formerly it was eleven or 
twelve, but this was altered after the first statistical report. Usually the Medi- 
terranean regiments pass on to the West Indies, and subsequently to Canada. 

The proper time for arriving in the West Indies is in the beginning of the 
cold season, viz., about the beginning of December, when the hurricanes and 
autumnal rains are usually over. 


Jamaica. 

Present strength of white garrison, 600 to 700 ; black troops, 700 to 800. 
A range of lofty hills (Blue Mountains) divides Jamaica into two parts con- 
nected by a few passes. The troops were formerly stationed chiefly in the 
south plmns, at Kingston, Port-Eoyal, Spanish Town, Uppark Camp, Fort- 
Augusta, &c. After the Maroon war in 1796, some troops were stationed at 
Maroon Town (2000 feet above the sea) on the north side, and at Montego 
Bay. Subsequently Stoney Hill (1380 feet above the sea), at the mouth of 
one of the passes, was occupied. 

Since 1842 some, and now nearly all the troops, are at Newcastle, in the 
hills, 4000 feet above the sea, with detacliments at Kingston and Port-Eoyal. 
The other stations are now disused for white troops. The sanitary condition 
at Newcastle was formerly not good; the sewage arrangements were very 
imperfect ; it i^ now somewhat improved. 

Climate, — The climate is very different at the different stations. At King- 
ston (sea-level) — ^temperature, mean of year = 78° *0; hottest month, July, 
mean= 81°*71 ; coldest month, January, mean - 75°*C5 ; mean yearly fluctua- 
tion = 6°*0G. Undulations trifling. ^Die climate is limited and equable. At 
Newcastle, the mean annual temperature is about 66°; hottest month, 
August, = 67° ‘75 ; coldest month, February, = 61°. The diurnal range is 
considerable, but the annual fluctuation is trifling (about 6°). The mean 
of the year is therefore much lower than on the plains ; the amplitude of the 
yearly fluctuation about the same ; the diurnal change greater. 

Humidity, — This is considerable in the plains — often from 80 to 90 of 
saturation = 7 to 9 grains of vapour in a cubic foot. At Newcastle the mean 
yearly dew-point is about 60° ; the amount of vapour in a cubic foot of air is 
6*77 ; the mean yearly relative humidity is 68 per cent, of saturation. 

Bain, — Amount = 50 to 60 inches, in spring and autumn, viz., April and 
May, and October and November. Showers in July and August. 

Winds, — Tolerably regular land winds at night, and sea breezes during the 
hot and dry months during the heat of the 'day. The central chain of moun- 
tains turns the north-east trade wind, so that it reaches the south side diverted 
from its course ; from December to February the wind is often from the north, 
and brings rain and fogs (“ wet northers”). The south-east wind in April and 
May is very moist. The hurricane months are from the end of July to 
the beginning of November. The climate in the plains is therefore hot, 
equable, and humid. 

Health of the Blixek Civil Population, 

Of the specific diseases, smallpox and the other exanthemata are common. 
Spotted typhus is said to be unknown ; typhoid is said to be uncommon, but 
is probably more common than is supposed. Influenza has prevailed at times, 
and also the so-called dandy or polka. Cholera has prevailed severely. Malarious 
fever is common over the whole of the south plains. Yellow fever is common, 
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though less frequent and severe among the blacks than the whites. Dysentery 
is common, though it has always been less frequent than among the troops. 
Organic heart disease is frequent. Liver diseases are uncommon. Spleen 
disease, in the form of leucocythsemia, is common among the blacks (Sm^a). 
Gout is said to be frequent,' and scrofrila and rickets to be infrequent. 
Syphilis is not common, but gonorrhoea is. Cancroid of the skin and 
elephantiasis of the Arabs (Pachydermia) are common. Leprosy is also seen. 

Health of the Troops. 

In the years 1790-93, the annual mortality of the white troops varied in the 
different stations from 111 (Montego Bay) to 15*7 per 1000 of strength at 
Stoney Hill (1380 feet above sea level). In the years 1794-97, the mortality 
was much greater, the most unhealthy regiment in the plains lost 333 ; the 
most healthy, 45*4 per 1000 of strength ; at the hill station of Maroon Town 
(2000 feet), the mortality was, however, only 15*6 per 1000. In the years 
1817-36, the mean mortality was 121*3; the mean of tlie four healthiest 
years gave 67, and of the four unheal tliiest years, 259 per 1000. The causes 
of death in these twenty years was — 

Fevers, . 

Lung diseases, . 

Bowel complaints, 

Brain disease, . 

Liver diseases, . 

Other complaints, 


The admissions in those years were 1812 per 1000 of strength. In 1837-55, 
the following wore the mean results : — Mortality, per 1000 of strength, white 
troops, 60*8 ; black troops, 38*2. Admissions, per 1000, white troops, 1371 ; 
black troops, 784. So that the mortality had declined one-half. At present, 
the statistics of the white troops are — 


Per 1000 of Btremjth. 


Years. 

Mortality fiu- 
cludiug Violent 
Deaths). 

Invalided for 
Discharge. 

Admissions. 

Mean Daily 
Sick. 

Mean Time in 
Hospital of 
each Sick Man. 

1859, 

1850, 

•14-42 

■ 4-8 

1335 

58-08 

15-88 

20-02 

17-7 

816-5 

23-95 

10-71 

1861, 

9-43 

1-57 

819 

29-87 

13-31 

1862, 

12-81 

4-3 

644 

44-79 

15-85 


The difference between these iigures and those formerly given is indeed 
most remarkable ; the small number of admissions, the small mortality, and 
the short period in hospital, contrast favouiably even with home service. 
The decrease in admissions is chiefly owing to the lessening of paroxysmal 
fevers consequent on removal from the plains ; (in 1859 !N'ewcastle gave 29*1 
admissions, and Port-Eoyal 443*5 per 1000 of strength, from malarious dis- 
ease). The decrease in the mortality is owing to lessened fever and dysentery. 
Among the black troops there is now greater sickness and mortaJity than 
among the whites; the mortality in 1837-1855, was 38*2 per 1000; in 
1860, 31*42 ; in 1861, 18-65 ; and in 1862, 30*25 per 1000. There is among 


101*9 per 1000 of strength. 
7-5 
5*1 
2*6 
1 - 
3*2 


121*3 
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these troops a large mortality from paroxysmal fevers, phthisis, and diseases of 
the alimentary canal, and it is evident that this condition requires a close 
examination. 

The mortality of the white troops shows a marked increase with age. 

The following seem to be the most important points connected with the 
white troops which require notice. 

It is impossible to avoid paroxysmal fevers without placing all the troops 
in the hills, and it is very desirable Newcastle should be made the only sta- 
tion for white troops. 

The possibility of yellow fever occurring at an elevation of 4000 feet, was 
shown by the appearance of yellow fever at Newcastle in 1860. In that 
year occurred the remarkable instances of contagion on board the ships Icarus 
and Imaum described by Dr Bryson. Whether yellow fever was imported 
into Newcastle or not was a subject of discussion ; it certainly appears pro- 
bable that it was cWied there ; but the important point for us is that mere 
elevation is not a perfect security. There were, however, only a small num- 
ber of cases. 

In the returns for a number of years past, cases are returned as “ continued 
fever ; ” it has never yet been clearly made out whether or not these were 
cases of typhoid fever; but the existence of typhoid fever in India, on the 
west coast of Africa, and in other tropical countries, makes it possible that 
typhoid fever does occur in Jamaica. 

Formerly there were a large number of cases of phthisis ; phthisis is now 
uncommon; in 1817-36 lung diseases (almost entirely phthisis), caused 7*5 
deaths per 1000 of strength, or more than in England. In 1859-60 the 
ratio was only 2*46 per 1000 of strength, and in 1861, out of 636 men there 
was not a single death, though four men were sent home with consumption. 

In 1862 there was 1 death from phthisis in Jamaica, and 1 in an invalid 
sent home, or at the rate of 2*85 per 1000 of strength, wliich is rather greater 
than formerly, but still below the home standard. 

At Newcastle there occurred for some years an excess of affections of the 
alimentary canal, chiefly indigestion ; at present these have lessened, but it 
would be important to make out the cause. In 1860 there was not a single 
admission from dysentery at any station. 

In the worst times in Jamaica, it was always remarked that there was 
rather a singular exemption from acute liver disease ; very few cases appear in 
the returns imder hepatitis ; whether this is a matter of diagnosis, or whether 
there was really an immunity compared with India or the Mauritius, is a 
question of great interest which cannot now be solved. At present, liver 
disease unconnected with drinking is uncommon. 

There is still too much drinkmg, and the medical officers have strongly 
advised the issue of beer instead of the daily dram. 

Venereal diseases have never prevailed much in Jamaica ; they have caused, 
on an average, from 70 to 90 admissions per 1000 of stren^h. In 1862 
there were only 47 admissions per 1000 of strength. This is owing to the 
connection usually formed between the black women and the soldiers, and to 
a lessened amount of promiscuous intercourse. 

Under the present system there seems little chance of the sickness and 
mortality of Jamaica becoming excessive, but if war came, and it were con- 
sidered necessary to have a large force there, and the barracks in the plains 
were reoccupied and overcrowded, the old state of things would at once recur. 
This seems to be the only danger to be avoided, and probably there would 
be no military objection to keeping the troops on the hills unless in the case of 
the actual presence of an hostile force. 
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Trinidad. 


Strength of garrison 200 men. 

eulogy , — ^Tertiary formation of miocene age ; central range of hills is an in- 
durated formation of cretaceous age ; the northern littoral raijge consists of 
micaceous slates, sandstones, limestones, and shales. The highest hill is 3012 
feet ; the central hill (Tamana) is 1026 ; ^th of the island is swampy. 

Climate , — ^Temperature of the plains : Mean of year about 79°‘3 ; coldest 
month, January = 78° ; hottest month. May = 81°*5 ; next hottest, October- 
80°*4. Mean annual fluctuation, 3°*5. The climate is therefore very equable 
and limited. There are, however, cold winds from the hills blowing over 
small areas. 

Hygrometry , — Mean dew-point 75°*2 ; mean relative humidity = 81 per 
cent, of saturation ; mean weight of vapour in a cubic foot = 9-4 grains ; most 
humid month is May, as far as the amount of vapour is concerned. Month 
with greatest relative humidity, August. 

Winds from east to north-east and south-east. West winds rare, and oppres- 
sive. 

Rain about 60 to 70 inches. Greatest rain-fall in one day, 4*67 inches. 
Dry season, December to May. June and July showery. Heavy rain in 
August, September, and October. 

Sanitary Condition , — St James’s Barrack is on a depression on an alluvial 
soil three miles from Port of Spain, the capital; it is one mile from the 
Cocorite, and three from the Great Eastern Swamp ; the drainage, for many 
years most defective, is now improved, as the main sewer is carried to the 
sea. On many occasions yellow fever has prevailed in this barrack, and no- 
where else in the island ; the last occasion was in 1858-59, and then it was 
proposed by Dr Jameson (the principal medical officer) to erect barracks on a 
spot 2200 feet above sea-level. 

The capital, the Port of Spain, is built at the principal outfall of the 
island ; it is on a low and unhealthy plain. Formerly it was so unhealthy as 
to be scarcely habitable, but after being well drained and paved by Sir Ealph 
Woodford, it became much healthier. This was the result of great sanitary 
efforts in a very unpromising locality, and should be a lesson for all climates. 

There is still, however, much malarious diseases, dysentery, and at times 
yellow fever, but this last disease has occasionally been very severe at St 
James’s Barracks without a single case being seen in Port of Spain. The 
asoent‘of the malaria from the barrack plain is certainly more than 500, and 
probably as much as 1000 feet. 

Diseases of Troops , — The state of health has been and is very similar to 
that of Jamaica, with, however, a larger percentage in former years both of 
phthisis and diseases of the stomach and bowels, chiefly dysentery. 

In the years 1817-1836, the average mortality of the white troops was 
106*3 per 1000 of strength, and of these deaths there were — 


From fevers, 61*6 

Lung diseases, 1 1 *5 

Diseases of stomach and bowels, 17*9 

Dropsies (probably partly malarious, partly renal), . . 7*7 

Brain diseases (especially from intemperance), . . 4*7 

Liver diseases, 1 *1 

All other diseases, 1*8 


106*3 
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As in Jamaica, the statistics of the 
different story. 

white troops of late years tell a very 

Admissions 

Years. 

Mortality. 

per 1000. 

1859, .... 

89*47 

1462 

1860, .... 

0 

1367-4 

1861, .... 

5*66 

1091-2 

1862 

6*16 

1180-4 

In 1859 there were only 190 men on the island; yellow fever broke 

out in St James’s Barracks, and caused 10 deaths. 

There were 4 deaths 


from delirima tremens and one suicide. Had there been no yellow, fever, no 
drinking, and no suicide, there would have been in 1859 only 2 deaths from 
disease, or 10*1 per 1000, and both these were from some form of fever. 

Among the diseases in the returns, the largest item is malarious fever ; there 
are also cases of “ continued fever,” as in Jamaica, and this term, in fact, has 
never been absent from the reports. Is this typhoid fever 1 A considerable 
number of cases of dyspepsia are admitted; in 1860 there were 16 cases out 
of 221, or 72 per 1000 of strength. In 1862 there were 103 per 1000 ad- 
missions from ** digestive ” diseases. Veneral diseases have always been low ; 
in 1860 and 1861 and 1862 there were only 49*8, 44*4, and 20*6 admissions 
per 1000 of strength. Dysentery is now infrequent. In 1860, out of 221 
men, and in 1861, out of 225 men, there was not a single case. Phthisis is 
much less common. 

It is evident that if Dr Jameson’s suggestion is acted upon, and the troops 
are removed up to the hills, malarious fever will disappear, and yellow fever 
can be prevented. In such a case, if the men will abstain from drinking, this 
island, which formerly killed rather more than 1 man in every 10 yearly, 
will be one of the healthiest spots in the world. 

The black troops are now less healthy than the white, having in 1860 and 
1861 an annual mortality of nearly 21 per 1000. Their condition requires 
looking into. 

The invaliding from Trinidad is combined in the Army Reports with that 
of the other islands of the Windward and Leeward Commands. 

Barbadoes. 

Strength of Garrison, 600 to 600 men. 

Geology , — Limestone (coralline) ; sandstone (tertiary) ; beds of bituminous 
matter and coal (tertiary), clay in parts (especially in the hilly district called 
“ Scotland”). 

An open country, well cultivated, no marshes except a small one at Grseme 
Hall, one mile to the east of St Ann’s Barracks. 

The country ]is divided into two parts ; a mountainous district termed 
** Scotland,” and a lower country consisting of a series of hvo gigantic terraces, 
rising with some regularity one above the other. The highest hill is 1 1 00 feet. 

Climaie qf the Plain, — Temperature : Mean of year, 80° ; hottest month 
(October), 83*; coldest month (January), 78°; mean yearly fluctuation, 6°. 
Climate equable and limited. 

Wind, — trade, strongest in February to May ; weak in September to 
November inclusive ; hurricane month, August. 

About 66 to 68 inches, on an average, but varying a good deal in 
the autumn chiefly, though there is rain in all months, but much less. The 
dry season is from December to May. 

TTalsf. — ^Formerly supplied from wells ; it was highly calcareous. At 
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present good water is, supplied by a water company. Eain water is also col- 
lected in tanks. 

Sanitary Condition, — St Ann’s Barracks are placed above one and a-balf 
mile from Bridgetown, on the sea ; the locality and the construction of the 
barracks have been much complained of, and a position in the hills advised.* 
Arrangements for sewering and the water supply were both formerly bad \ 
considerable improvements have been made, and, since 1862, 30,000 gallons 
are supplied daily to St Ann’s Barracks. It is a limestone water, containing 
carbonate of lime, but no sulphate of lime, and is remarkably free from 
organic matter. The total solids are 18*72 grains per gallon. The troops are 
still too much crowded in barracks, the allowance being under 600 cubic feet. 

Formerly vegetables were very deficient in Barbadoes, and even now there is 
some difficulty in procuring them. They are often imported from other islands. 

Diseases among Civil Population. — Yellow fever has appeared frequently, 
although the island is not marshy. It is not so frequent as formerly — ^it used 
to be expected every four years. 

Barbadoes and Trinidad contrast greatly in the freedom from marshes of the 
one, and the prevalence of marshes and malarious disease in the other ; yet 
Barbadoes has had as much yellow fever as Trinidad. 

Dysentery was common formerly, partly from bad water; influenza has 
been epidemic several times. Barbadoes leg, or Elephantiasis of the Arabs, is 
frequently seen. Leprosy, or Elephantiasis Graecorum is also not very uncom- 
mon. Variola and Pertussis have from time to time been very bad. 

HiUary, in 1766, described a “ slow nervous fever,” under which term our 
typhoid fever appears to have been indicated by most writers of that period. 
His description is not quite clear, but resembles typhoid fever more than any 
other. He also speaks of a “ diarrhoea febrilis.” Can this have been typhoid 1 
Of late years, there has been no evidence of typhoid to my knowledge. 

The heading ‘^continued fever” appears in the Army Ketums ; from 1817-36, 
there were 169 cases. 

Dracimculus was formerly very frequent, and Hillary attributes it to the 
drinking water, and states that there were some ponds, the water of which 
was known to ‘‘ generate the worm if washed in or drank.” 

Yaws used to be common. 

Cohca pictonum was fonnerly frequent. 

Diseases of Troops.— Y^Wow fever has several times been very fatal. 

Scorbutic dysentery, arising from the wretched food, was formerly very fre- 
quent, and appears from Sir Andrew Halliday’s work to have been very bad 
even in his time (1823 to 1832). * 

From 1817 to 1836 (20 years) — 

Average Mortality (white troops), 58*5 per 1000 of strength. 

. Greatest, . , 204 „ „ (in 1817). 

Least, . . 18 „ „ (in 1823). 

In 1817 there were 1654 men on the island, and yellow fever broke out. 
In 1823 there were only 791. 

Of late years, as in all the *othor islands, the sickness and mortality has 
been comparatively trifling. 

Per 1000 of Strength. Per 1000 of Strength. 

Admissions. Deaths. . Admissions. Deaths. 

1859. . ... 1051 6*36 1861, . . . 974*5 2*54 

1860.. , . . 1018 6*44 1862,. . .1120. 16*77 

* For an extremely good and concise account of Barbadoes, see Dr Jameson’s Report in the 
Army Medical Report for 1861, p. 261. 
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The increased mortalitj of 1862 was owing to yellow fever. It appeared 
first among the civil population in Bridgetown, and afterwards attacked the 
koops in the (stone) barracks. As it continued to spread, the men were 
moved out and placed under canvas, with the best effects. A remarkable 
feature of this epidemic was that the officers suffered in attacks six-fold more 
than the men, and had a mortality more than twenty-fold. The women also 
suffered three-fold more than the men. Formerly the case would have been 
reversed. In 1861 there were only two deatlis out of 787 men, one fix>m 
phthisis and one from apoplexy. 

Dysentery is now uncommon. 

The great improvement to be made at Barbadoes is decidedly a complete 
change of barracks. The persistent recurrence of yellow fever in these old 
barracks, with their imperfect arrangements, show them to be the main cause 
of the appearance qf the disease. The cost of a single epidemic would amply 
repay the outlay. 

As in the other islands, the black troops are now much more unhealthy 
than the white, and the sanitary condition of their barracks and their food 
evidently require looking into. 


. St Lucia. 

Strength of Garrison, = 100 men. 

St Lucia is divided into two parts : Basseterre, the lowest and most culti- 
vated part, is very swampy ; Capisterre, hilly, with deep narrow ravines, full 
of vegetation. The climate is similar to that of the other islands, but is more 
rainy and humid. 

Diseases of the Troops , — From 1817-36 ; average strength, 241 ; average 
deaths, 30 = 122*8 per 1000 of strength. Of the 122*8 deaths, 63*1 were from 
fevers, 39*3 from bowel disease, and 12*5 from lung disease. 

Pigeon Island (a few miles from St Lucia) was formerly so unhealthy that 
on one occasion 23 men out of 55 died of dysentery in one year, and of the 
whole 55 men not one escaped sickness. The cause is supposed to have been 
bad water. Now, Pigeon Island is considered healthy. 

Although the mortality was formerly so great, St Lucia has been very 
healthy for some years. 

In 1859, mean strength, 96 ; admissions, 113, and there was not a single 
death, although, if the mortality had been at the rate of the twenty years 
ending 1836, 12 men would have died. 

Better food, some improvement in barracks, and the use of rain instead of 
well water, have been the causes of this extraordinary change. 

22 men were admitted with “ continued fever,'’ 18 with ophthalmia, and 
only two with venereal 

In 1860 there was no case of dysentery and only two of diarrhoea among 
100 men in this island, where formerly there would have been hot only many 
cases, but four deaths. One man died from phthisis, or at the rate of 10 per 
1000. 

In 1861, out of 94 men, there was one death from jaundice, or at the rate 
of 10*6 per 1000, 

In 1862 there were 88 men on the island ; one man was drowned ; there 
was no single death from disease. No case of jaundice was admitted. 

Invaliding , — In 1859-61 there were discharged from the Windward and 
Leeward Command 8 per 1000 of strength, and in 1862, 22 per 1000. The 
cause of the increase in the latter year was chiefly from eye diseases. 
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British Guiana. 

Strength of Garrison, = 200 to 300 menu 

This other station in the West Indian Command is on the mainland, 
extending from the equator (nearly) to 10° K, 200 to 300 miles, and inland 
to an uncertain distance. 

It is a flat alluvial soil of clay and sand, covered with vegetation. 

The water is not good ; it is drawn from a firesh-water lake and an artesian 
well ; the water from this well contains a good deal of iron. 

TiMe-winds from K.E. and E. for nine months. In July, August, and 
September, 8.E. and S. and land-winds. * This is the unhealthy season. 

Two wet seasons, January and June ; the last is the longest. 

Temperature of summer, 86° ; of winter, 82°. Eain about 160 inches. 

Formerly there was an enormous mortality among the troops from yellow fever 
and scorbutic dysentery. The men used to have salt meat five times a:Week. 

The climate is most highly malarious, but this does not cause much mortality. 

Yellow fever has prevailed here several times. On the last occasion, 1861, 
the troops were moved out and encamped at some distance from Georgetown ; 
they escaped (seven mild cases only), although they were on a swampy plain. 

In 1817-36, the average deaths were 74 per 1000 of strength. In 1859, 
out of a mean strength of 143, there were 156 admissions = 1091 per 1000 of 
strength; 2 deaths = 13*9 per 1000 of strength. One death from apoplexy, 
one from drowning. 

The deaths from disease were only 6*9 per 1000. Of the 156 admissions, 
no less than 81 were from malarious disease, or at the rate of 519 per 1000 
of strength, or nearly one-half the total admissions. 

In 1860, 1861, and 1862, the admissions firom malarious disease con- 
tinued high (673, 1380, and 1104 per 1000 of strength), the mortality was 
very small, being only 6*6 per 1000 in each year ; in fact, the single death in 
1860 and 1861 was in one year from “ acute hepatitis,” and in the other was 
accident. In 1862, in spite of the immense malarious disease, there was no 
death. Some important lessons afe drawn' from the medical history of this 
station. It has been shown that even in a highly malarious country yellow 
fever is not common, and that it may be escaped by change of ground, although 
the men are still obliged to encamp on a swamp. Another remarkable point 
is the very small mortality attending the paroxysmal fevers. It would be 
very interesting to know the future history of such men, but it cannot be 
doubted that the lessened mortality since former years must be owing to better 
treatment. 

The extent of malarious disease shows how desirable it would be to avoid 
sending white troops to Demerara, or, if this cannot be avoided, to change 
the men every year, and, during their service, to use quinine as a prophylactic 
regularly. 

In French Guiana, Dr Laure, besides malarious fevers, describes typhoid 
fever to have .been seen for some short time After the arrival of French poli- 
tical prisoners after the coup cC6tat of 1851. It then disappeared. 

Bahamas and Honduras. 

The black troops garrison both those places, and show a degree of mortality 
nearly the same as in the other stations, the amount of phthisis being very 
great. In 1862, at the Bahamas, there were no less than 4 deaths out of a 
strength of 489, or at the rate of 9*1 per 1000 of strength ; there wAre also 
9 deaths from pneumonia and 1 frem pleurisy. Out of 27*31 deaths per 1000 
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of dMig&y lioless than 18*2 ^or 66 per cent, of total deaths) were from phthisis 
asid o&ex hmg diseases. This is evidently a matter for careful inquiry. 

At Honduras, among the black troops, the deaths from tubercular disease, in 
1862, were 3*26 per 1000 of strength. 

SECTION III. 

BEEMUDA. 

Usual strength of garrison about 1100 to 1300 men. 

Climate, — ^Hot, equable, and rather limited. 

Temperature , — ^Mean of year, 74®; hottest month (July), 83® *5; coldest 
month (February), 64®-5 ; amplitude of yearly fluctuation, 19® *0. 

Diseases of the Troops, 


Years. 

Loss of Strength per 
1000 of Strength. 

Loss of Service per 1000 of 
Strength. 

Deaths, 
aU kinds. 

Invaliding. 

Admissions. 

Daily Sick. 

Days in 
Hospital 
to each 
Sick ^an. 

1817-36, . . 

28-8 


768 



1837-46, . . 

35-5 


1080 

• t » 


1859, . . . 

1116 

. . . 

537 

35-11 

23-75 


8-55 

6-6 

752 

39-01 

18-94 


13-86 

8-9 

4.61-4 

24-75 

19-58 


11-75 

8-63 

767-0 

29-80 

14-18 


This history of the West Indies may be applied to Bermuda, though, with 
the exception of yeUow-fever years, it never showed the great mortality of the 
West Indies. There is no great amount of paroxysmal fevers ; in ten years 
(1837-46) there were only 29 admissions out of an aggregate strength of 
11,224 men. 

Yellow fever has prevailed eight times in two centuries. 

In 1819 it destroyed Jth of the force. 

1843 „ fth „ 

1847 it caused a large mortality. 

1853 „ „ 

1856 

1864 


“ Continued fevers” (no doubt in part typhoid) have always prevailed more 
or less at Bermuda (“ continued fevers” and typhus). In the ten years 
(1837-46) they gave 1004 admissions out of 11,224 men, or 88 per 1000 of 
strength, being much greater than at home. 

In 1859 there were only 11 cases of ‘‘ continued fever” out of 1074 men; 
but in 1860 “ continued fever” prevailed severely (209 cases in 1062 men). 
It was of a mild type, and caused little mortality. It was probably not 
typhoid, but I have learned nothing deflnite of its nature. It prevailed in 
^ptember, October, and November. Was it mild, bilious, remittent, or “ re- 
lapsing fever t” It is said that the drainage was defective at Hatton. 

Formerly tuberculous diseases caused a considerable mortality. In the years 
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1817-36, diseases of the lungs gave a mortality of no less than 8-7 per 1000 of 
strength. In 1837-46, the lung diseases gave a yearly mortality of 8*3 per 1000 
of strength. Of late years the amount has decreased. The admissions and 
deat^ were 7*3 and 2*55 per 1000 in 1869-60, and 1 1 and -78 per 1000 in 1862. 

Diarrhoea and dysentery were also formerly very common, but of late years 
there has been a great decrease. Diseases of the eyes are common. 

There has always been much intemperance, and a large number of deaths 
from delirium tremens. 

Venereal (enthetic) diseases have averaged from 55 to 80 per 1000 of 
strength. 

In considering the sanitary measures to be adopted at Bermuda, it would 
seem that drainage and ventilation have still to be improved, and that means 
should be taken to check intemperance. If yellow fever occurs, the measures 
would be the same as in the West Indies. 


SECTION IV. 

AMERICAN STATIONS. 

Sub-Section I. — Canada.* 

Usual garrison, from 3000 in profound peace, to 10,000 or 12,000 in dis- 
turbed times. In 1862, it was 10,763. 

Lower Canada. 

Chief Stations, — 1. Quebec, 

Temperature, — Mean of year, 41®; hottest month (July), 71°*3 ; coldest 
(January), 11°. Annual fluctuation, 60° *3. 

The undulations of temperature are enormous. In the winter, sometimes, 
there is a range of 30, 40, and even more degrees in 24 hours, from the alter- 
nation of northerly and southerly winds. In one case the thermometer fell 
70° in 12 hours. The mercury is sometimes frozen. 

The mean temperature of the three summer months is 69° ; 'winter months, 
12° *8. The climate is ‘‘ extreme” and variable. 

lUiin, — ^About 36 to 40 inches. The air is dry in the summer, and again in 
the depth of -winter. 

Barracks, — Built on lower Silurian rocks. No ague is known, though the 
lower town is damp. 

Amount of cubic space small. Casemates in citadel very bad, damp, ill 
ventilated, ill lighted, 

2. Montreal, 

Temperature, — ^Mean of year, 44°‘6 ; hottest month (July), 73°*1 ; coldest 
(January), 14°*6. Annual fluctuation, 58°’6. The undulations are very great, 
though not so great as at Quebec. 

Mean of the three summer months^ 70° *8 ; of the three winter months, 1 

Rain, — 36 inches to 44 inches. 

Barracks. — ^Bad ; very much over-crowded. 

In Lower Canada are also many sinaller stations. 

♦ For an excellent account of the Canadian stations, see Dr Muir’s Report on the Amy 
Medical Repoiti for 1862, pi 376. 

2 L 2 
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Upper Canada. 

Chief Stations, — 1. Tor&rdo, 

Temperature, — Mean of year, 44®*3 ; hottest month (July), 66®‘8 ; coldest 
(February), 23®’l. Difference, 43®*7. Great undulations. 

Ram, — 31*6 inches. 

Ilie town stands on ground originally marshy. The new barracks are built on 
limestone rocks of Silurian age. Average cubic space, only 350. Drainage bad. 

Intermittent fevers among the civil population ; not very prevalent among 
the troops. 

2. Kingston, 

Temperature, — Mean of year, 45®'8. 

Malarious. 

London, Hamilton, and several smaller stations — Fort George, Amherst- 
berg, &c. — are also occupied. 

Diseases of the Civil Inhabitants, 

Formerly ague was prevalent in Upper Canada, especially in Kingston ; now 
much less. At Montreal ague used to be seen ; now is much less frequent. 
It prevails fh)m May to October, and is worst in August. 

If the isothere (summer temperature) of 65® be the northern limit of malaria, 
both Quebec and Montreal are within the limit ; yet the winter is too severe, 
and the period of hot weather too short, to cause much development of malaria. 

The cHmate is in both provinces very healthy, and has been so from the earliest 
records, though, when the country was first settled, there was much scurvy. 

Typhoid is sometimes seen.— Typhus has been often carried in emigrant 
ships, but has not spread, or at least has soon died out. — Cholera has pre- 
vailed — ^Yellow fever dies out. — Consumption is decidedly infrequent. 

Acute pulmonary diseases used to be considered the prevalent complaints, 
but it is doubtful whether they are much more common than elsewhere. 

Diseases of the Troops, 

Years 1817-36 (20 years) — ^Admissions per 1000 of strength = 1097 ; 
deaths, 16'1. 

Admissions and deaths per 1000 per annum of the 1097 admissions 


and 16*1 deaths. 

Admissions. 

Deaths. 

Fever, ] 

Intermittent and “ common continued,” J 

. 214 

2-4 

Diseases of lungs, .... 

148 

6-7 

Diseases of stomach and bowels, . 

156 

13 

Venereal diseases, .... 

99 


Abscesses, . 

Wounds and iiyuries, .... 

109 


162 

. . • 

Punished, 

32 

• . . 

Diseases of the eyes, .... 

46 

... 


Years 1837-46 (10 years). — ^Yearly admissions per 1000 of strength, 982 ; 
average daily sick per 1000 of strength, 39*1 \ mortality (violent deaths ex- 
cluded), *13 ; mortality with violent deaths, 17-42. 

The mortality (17*42) wafe made up in part of — fever, 2*13 ; lung disease, 
7*44; stomach and. bowels disease, Dll; brain disease, 1*28. Nearly two- 
third of the fevers are returned as common continued,” probably typhoid. 

Venereal admissions, 117 per 1000. 



CANADA. 68S 

Erysipelas was epidemic at Quebec, Montreal, and Toronto in 1841 ; at 
Montred in 1842, from bad sanitary condition. 

Years 1869-62. 


Yeabs. 

Loss of Strength per 1000. 

Loss of Service per 1000. 

' Deaths. 

Invaliding. 

Admissions. 

Mean daily 
sick. 

Days in Hospi- 
tal to each sick 
man. 

1859, 


7-91 

645 

28-27 

18-93 

1860, 


14-7 

539 



• 1861, 

9-42 

13'68 

697 

27-12 

16-69 

1862, 

8*36 

14-21* 

667 


16-36 


The number of days’ service lost per man in 1859-62 was only 10, or 
little more than half the amount on home service. It will be observed that 
there is a greater discrepancy between the admissions (which are few) and the 
mortality in Canada than in almost any station. This arises from the violent 
deaths having been large in 1861 and 1862, a good many men being drowned 
in the latter year, and from the fatal diseases — ^phthisis and continued fever 
— causing a small number of admissions. 

K these two diseases could be prevented, Canada would be in all respects re- 
markably healthy. It is to be observed, however, that erysipelas sometimes 
prevails, an in^cation (like the ‘‘ continued fever”) of a bad sanitary 
condition. 


Causes of Mortality, 

In 100 deaths, the percentage of the different causes was as follows ; — 


Causes of Death in order of Fatality. 


In 100 Deaths. 


1859. 

1860. 

1861. 

1862. t 

Violent deaths, 

11-11 

13-64 

36-36 

29-10 

Phthisis, .... 

18-51 

22-73 

9-10 

10-13 

Brain diseases (including deli- ) 

14-81 

9-10 

16-15 

12-65 

rium tremens), / 

“ Continued fever,” 

14-81 

6-06 

7-59 

Pneumonia, 

11-11 

13-64 

6-06 

6-35 

Bronchitis, .... 
Diseases of organs of circulation, i 

14-81 

4-54 

3-03 

3-80 


18-19 

6-06 

6-36 

Diseases of digestive system, . 

. . . 

4-54 

3-03 

6-35 

Drunkenness, .... 

3-71^ 

4-54 

3-03 

1-26 

Suicides, .... 

Pleurisy, .... 


... 

3-03 

3-80 

... 


3-03 

2-63 

Erysipelas, .... 

3-71 

. . . 

. . • 

1-26 

Bheumatism, . . . . 

3-71 

. . . 


1-26 

Bemittent fever, 

... 

... 

» • • 

2-63 

Hepatitis chronica, . 

3-71 


... 



* This number is taken ffom page 09 of Dr Balfour’s Report, and includes both those sent 
home for discharge and for change of air. 
t One execution not included. 
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Cawm of Mortality — continued. 




Causes of Death in order of Fatality. 

In ICO Deaths. 

1859. 

1860. 

1861. 

1862, 

Laryngitis, .... 


• • , 

• • • 

1-26 

Asthma, .... 



3-03 


Anthrax, .... 

Scarlet fever, .... 


4-54 

• . . 

. . . 


4-54 

. . . 


Diphtheria, .... 


. . . 

. . . 

i-26 

Diabetes, .... 


. . . 

3-03 

. . . 

Stricture of urethfa. 




1-26 

Integumentary abscess, . 

\ 



• 

1-26 


100-00 

100*00 

100-00 

100-00 


This table shows that this plan of reckoning the percentage of any cause 
of death, although useful as a guide, must not be pushed too far. The per- 
centage of phthisis, for example, contrasts very favourably in this table, for 
the years 1861 and 1862, especially, with similar tables on home service, but 
this arises in part from the immense preponderance of violent deaths in 
Canada in those years, which reduces the proportionate number of deaths 
fi*om phthisis. Still the returns as regards phthisis are very favourable. 
Calculated on the strength, the deaths from tubercular diseases and haemop- 
tysis in 1859-1861 (inclusive), and in 1862, were in Canada itself 1*64 and 
1*3 per 1000 of strength. There were, however, in the last-named year, 19 
tubercular patients sent home for discWge, and 17 for change of air; add- 
ing these together it gives us for 1862 : — 

Mortality per 1000 of strength — Tubercular diseases, . 1*3 

Invaliding per 1000 of strength, „ „ . . 3*33 

Total, . . . 4*63 

If the tables for home service (p. 494) are looked at it will be seen that 
Canada is thus much better as regards phthisis than home service. This may, 
in fact, arise from phthisical men being kept at the depots ; it is a matter, 
however, which is well worthy of perfect inquiry. 

With regard to pneumonia and bronchitis, the following table gives the 
results for four years : — 


Mortality per 1000 of Strength,"^ 


Yeabs. 

Canada. 

England. 

Pneumonia. 

Acute 

Bronchitis. 

Pneumonia. 

Acute 

Bronchitis. 

1869, 

1-07 

-719 

•527 



1-40 

-469 

•736 

•338 


-57 

•285 

•662 

•306 

1862, 

-464 

-278 

•447 

•276 

Mean, 

-876' 

•438 

•565 

•317 


* Calculated on the munberg given in the tables in the Appendix to Dr Balfour^s Reports in 
the Army Medical R^rts. 
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It is therefore by no means certain that in the cold climate of Canada, 
soldiers have much greater mortality from pneumonia and acute bronchitis 
than at home ; in fact, it seems probable that there is no very great difference, 
though we must remember that the period of observation is yet but limited. 
The latest observations in Kussia also seem to make it very doubtful if pneu- 
monia be, as usually supposed, a more common disease in cold than temperate 
climates. Exposure without protection to the cold winter winds does, how- 
ever, seem to induce a rapid and fatal congestion of the lungs. 

The great healthiness of Canada in part probably depends on the fact, that 
the extreme cold in winter lessens or prevents decomposition of animal matter 
and the giving off of effluvia ; hence, in spite of bad drainage and deficient 
water, there is no great amount of fever. In the hot summer, the life is an 
open air one. Even in winter the dry cold permits a good deal of exercise 
to be taken. 

The amount of drunkenness and delirium tremens in Canada used to be 
great, and is still so considerable as to show that something should be done to 
check it. 


Sub-Section II. — Nova Scotia and New Brunswick. 

Strength of garrison 1500 to 4000 men. 

The state of health at these stations is almost identical with that of Canada, 
and it is hardly necessary to do more than cite the figures of the earlier and 
later years. 

Per 1000 of Strength. 


Years. 

Admissions. 

Mortality. 

Number 

constantly 

sick. 

Days in 
hospital to 
each sick 
man. 

Without 

violent 

deaths. 

With 

violent 

deaths. 

1837-1866, . 

836 

16-1 

16-3 

34-8 


1869, 

668 

7-23 


22-39 

14-66 

1860, 

690 

3-36 

6-17 


18-62 

1861, 

686-7 

6-96 

7-53 

24-34 

16-15 

1862,* •. 

686-0 

7-77 

8-63 

26-74 

16-66 


Taking the year 1862, the average loss of service to each soldier was 8*89 
days. 

The remarks already made in respect of Canada apply to Nova Scotia. 
Continued fever (typhoid) causes some mortality every year, and should be 
preveilted. Drunkenness and delirium trdhiens are less common than they 
were, but still prevail too much. 


Sub-Section IIL — ^Newfoundland. 

Garrison about 200 to 300. 

Newfoundland has had the reputation of being extremely healthy ever since 


♦ Of the permanent force ; not of troops m route. 
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ii bfts l3eeii garrisoAed, or even frequented by sailing ships flind). Among 
the troops, the Colonial Battalion (now disbanded) has nad remarkable 
health, and if drunkenness had been avoided, it would have been almost 
unexampled. 

In 1837-56 (20 years) the average yearly admissions per 1000 were 689, 
and the deaths 11. 

In 1859-62 the admissions were 980 and the deaths 6*72 per 1000, or much 
below the home standard in men of the soldier^s age. At present iN'ewfound- 
land is garrisoned by the Canadian Eifles, who are younger men than the 
men of the old coloni^ corps (the Koyal ISTewfoundland Companies). 

The causes of sickness and mortality are the same as those in Canada. 


* Sub-Section IV. — British Colombia. 

Garrison 100 to 150 men. 

New Westminster is to be the capital. Lat. 49° 12' ; Long. 122° 49', 

Soil — Gravel, sand, and clay. 

Climate . — ^The temperature of the hottest month, August, mean 69°*4 ; 
coldest month, January, mean 35°*7 ; mean yearly range, 33°*7.* 

Eain 56*42 inches, on 152 days. Eelative humidity 90*8 in December ; in 
June 65 per cent, of saturation. 

Strength 142; admissions into hospital, 115, of which 25 were from 
influenza, 6 from rheumatism — ^acute and chronic. Deaths 5 ; of which 4 
were from accidents, and 1 from ‘‘ encephalitis.” 

In 1861, in a force of 130, there were 97 admissions (22 influenza, 22 
venereal, and 24 injuries), and one man frozen to death. 

In 1862, in a strength of 160, there were 90 admissions (28 accidents, 24 
sore throat, 19 diarrhoea, and 8 gonorrhoea), and one death from dropsy in an 
intemperate man. 

Of lung affections in 1860, there were — ^laryngitis, 4 ; bronchitis, acute, 6 ; 
pleurisy, 2; pneumonia, 2. Total admissions, 14; or 12*1 per cent, of the 
whole number of admissions were owing to acute lung affections. 

No measles, scarlatina, hooping-cough, or other zymotic diseases have yet 
been seen in the colony among the children. 

It is probable, then, this colony will bo found to be, like Canada, a very 
healthy one ; in fact, out of the malarious range, America seems remarkably 
healthy. 

SECTION V. 

AFRICAN STATIONS. 

Sub-Section I. — St Helena. 


Garrison 600 to 700. 

Until very lately this small island has been garrisioned by a local cstps (St 
Helena Regiment). This system is now altered, and a West Indian Regiment 
now serves in the island for three or four years. 

The island has always been healthy ; seated in the trade-winds, there is a 
tolerably constant breeze from south-east. There is very little malarious dis- 
ease (about ,50 to 60 admissions per 1000 of strength), but there has frequently 


Prom Dr. Seddair* paper in the Army Medical Report for 1859. 
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been a good many cases of ‘‘ continued fever,” and dysentery and diarrhoea are 
usual diseases. Formerly there appears to have been much phthisis, but this 
is now much less, giving another instance of the real or apparent decline of 
this disease in so many stations. 

In the years 183746, the admissions from tubercular diseases averaged 21 per 
1000 per annum, and the deaths 5*45. In 1859 the admissions were only 6*45, 
and there were no deaths. In 1860 there were 6*5 admissions, 4*34 deaths 
per 1000. In 1862 there were no admissions, but 2*87 deaths per 1000 from 
tuberculosis in men out of hospital. In the years 1 859-62 the total admissions 
were 880, and the deaths 11*28, or without violent deaths, 9*11 per 1000. 
The health of the troops would have been even better if the causes of the 
continued fever and dysentery could have been discovered and removed, and 
if the amount of drunkenness had been less. 

Sub-Section II. — West Coast of Africa.* 

The principal stations are Sierra Leone, Gambia, Cape-Coast Castle, and 
Lagos (500 miles from Cape4Joast Castle, occupied first in 1861). 

Sierra Leme, 

Strength of garrison, 300 to 400 (black troops). Hot season from May to 
the middle of November ; Harmattan wind in December ; soil, red sandstone 
and clay, very ferruginous. There are extensive mangrove swamps to N. 
and S. Water very pure. The spring in the barrack square contains only 
3 to 4 grains per gallon of solids. 

This station had formerly the reputation of the most unhealthy station of 
the army. Nor was this undeserved. 

From 1817 to 1837 (20 years), there were yearly among the troops : — 

Admissions, . . . . 2978 per 1000. 

Deaths, 483 „ „ 

At the same time, about 1 7 per cent, of the whole white population died 
annually. 

The chief diseases were malarious fevers, which caused much sickness, but 
no great mortality ; and yellow fever, which caused an immense mortality. 
Dysentery, chiefly scorbutic, was also very fatal. 

The causes of this great mortality were simple enough. The station was 
looked upon as a place for punishment, and disorderly men, men sentenced 
for crimes, or whom it was wished to get rid of, were draughted to Sierra 
Leone. They were there very much over-crowded in barracks, which were 
placed in the lower part of the town. They were fed largely on salt meat ; 
and being for the most part men of desperate character, and without hope, 
they were highly intemperate, and led, in all ways, lives of the utmost disorder. 
They. <»nsidered themselves^ in fact, under i^fentence of death, and did their 
best to rapidly carry out the sentence. 

Eventually, all the white troops were removed, and the place has since 
been garrisoned by one of the West Indian regiments. Of late years, the 
total white population of Sierra Leone (civil and military) has not been more 
than from 100 to 200 persons. 

The great sickness and mortality being attributable, as in so many other 


• For a very good account of the topography of the Gold Coast, see Dr R. Clarke’s paper in 
the ''Transactions Epld, Society,” vof. i. 
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cases, chiefly to local causes and individual faults, of late years Europeans 
have been comparatively healthy; although from time to time fatal epidemics 
of yellow fever occur. They are, however, less frequent and less fatal than 
formerly. The position of the barracks has been altered, and the food is 
much better. One measure Which is supposed to have improved the health 
of the place, is allowing a species of grass (Bahama grass) to grow in the 
streets. The occupiers of the adjacent houses are obliged to keep it cut short, 
and in good order. 

Among the black troops,, the returns of the four years 1869-1862 gave 
740 admissions and 29*63 deaths (or 27*42, exclusive of violent deaths) per 
1000. Among the causes of deat^ tubercular diseases hold the first place, 
amounting to 7*74 per 1000 of strength, or to 27*2 per cent, of the total deaths 
from disease. In 1862, phthisis amounted to no less than 12*6 per 1000 of 
strength, and corfstituted 43*7 per cent, of all deaths from disease. There were 
also 9*46 per 1000 of strength deaths from pneumonia. It seems clear, in- 
deed, that in all the stations of the West India corps (black troops), the 
amount of phthisis is great ; in fact, the state of houith generally of these 
regiments requires loolMg into, as in the West Indies. 

In 1862, there were only five cases of intermittent, and eighteen of remittent 
fever among 317 negroes. 

In 1861, some of the troops from Sierra Leone and the Gambia were em- 
ployed up the Gambia against the Mandingoes, and also against the chiefs of 
Quiat. In 1863 and 1864, the Ashanti war prevailed. All these wars 
added to the sickness and mortality, so that these years are not fair examples 
of the influence of the climate. 


Gamhia, 

Garrison, about 200 to 400 (black troops). This station is much more 
malarious than any of the others. The drinking-water is bad ; all barrack 
and sewage arrangements imperfect. Yellow fever from time to time is very 
destructive. In 1869, two out of four European sergeants, and in 1860, 
three medical officers, died of yellow fever. 

As at Sierra Leone, phthisis and other diseases of the lungs cause a large 
mortality. In 1861, phthisis gave five deaths out of a strength of 431, or at 
the rate of 11*6 per 1000 of strength; and pneumonia gave four deaths, and 
acute bronchitis three, or (together) at the rate of 16*24 per 1000 of strength. 
Phthisis, pneumonia, and bronchitis gave nearly 60 per cent, of all deaths 
from disease. This was higher than in previous years ; but in 1862, phthisis 
gave 14*35 deaths per 1000 of strength, and constituted 75 per cent, of the 
whole number of deaths ! There was, however, no pneumonia or bronchitis 
in that year. Although the period of observation is short, it can hardly be 
doubted that here, as elsewhere in the stations occupied by the West Indian 
regiments, some causes influencing prejudicially the lungs are everywhere in 
action. It is probably to be found in bad ventilation of the barracks. 

Among the few white residents at the Gambia, diarrhoea, dysentery, and 
dyspepsia appear to be common. These, in part, arise from the bad water ; 
in part from dietetic errqrs (especially excess in quantity), and want of exercise 
and attention to ordinary hygienic rules. 

Cape-Coast Castle {Gold Coast). 

Garrison, 300 to 400 (black troops). 

This station has always been considered the most healthy of the three 
principal places. It is not so malarious as even Sierra Leone, and much less 
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SO than tlie Gfambia, and has been much less" frequently attacked with yellow 
feyer. Dysentery and dyspepsia are common diseases among the white resi- 
dents. .^ong the black troops the prevalence of phthisis, pneumonia, and 
bronchitis is marked, though less so, perhaps, than at the other two stations. ' 

One peculiarity of the station is the prevalence of dracunculus. This is 
uncommon on Sierra Leone, and not common at the Gambia. It is very fre- 
quent on the Gold Coast. 


Admisdom from GuineorWorm^ per 1000 of Strength. 


Garrisons. 

1860. 

1861. 

1862. 

Sierra Leone, 

2*6 



Gambia, 




Cape-Coast Castle, 

246 

285 

ii5 

Lagos, . 

s 


38 


The investigation of the cause of dracunculus at Cape-Coast Castle is one 
which would well repay the trouble, so abundant is the material of observa- 
tion ; it would probably clear up the still doubtful points on the mode of 
ingress.* 

The following table shows the mean admissions and discharges for four 
years, 1859-62 : — 

Black Troops. 


Garrisons. 

Admissions 
per 1000 
of Strength. 

Deaths ] 

From Disease. 

3er 1000. ; 

Including Violent 
Deaths. i 

Sierra Leone, 

740 

27-42 

29-53 

Gambia, 

978 

31-43 

33-74 

TJape-Coast Castle, 

624 

20-01 

26-45 

Lagos (1862), 

1886 

28-57 

* 



Hygiene on the West Coast. 

There is no doubt that attention to hygienic rules will do much to lessen 
the sickness and mortality of this dreaded climate. In fact, here as else- 
where, men have been contented to lay thei^ own misdeeds on the climate. 
Malaria has of course to be met by the constant use of quinine during the 
whole period of service. The other rules are summed up in the following 
quotation from Dr Eobert darkens paper and when we reflect that this 
extract expresses the opinion of a most competent judge on the effect of 
climate, we must allow that, not only for the West Coast, but for the West 
Indies, and for India, Dr Clarke’s opinions on the exaggeration of the effect of 


* For anybody taking np the invefltieation of the anatomy of the dracunculus, BrBastian’s 
paper in the Linnean Ti^actions (186S) can be recommended, 
t Trans, of the Epidem. Soc., vol. i. pp. 128, 124. 
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the sun’s rays and exposure to n%ht air, and Ms statement of the necessity of 
exercise, are full of instruction ; — 

Good health may generally be enjoyed by judicious attention to a few 
simple rules. In the foremost rank should be put Umperancey with regular 
and industrious habits. European residents on the Gold Coast are too often 
satisfied with wearing apparel suited to the climate, overlooking the feet that 
exercise in the open air is just as necessary to preserve health there as it is in 
Europe. Many of them l^ewise entertain an impression that the sun’s, rays 
are hurtful, whereas in nine cases out of ten the miscMef is done, not by the 
sun’s rays, but by habits of personal economy. Feeling sadly the wearisome 
sameness of life on tMs part of the coast, recourse is too frequently had to 
stimulants, instead of resorting to inexhausting employments, the only safe 
and effectual rei^edy against an evil fraught with such lamentable conse- 
quences. Europeans also bestow too little attention on ventilation, far more 
harm being done by close and impure air during the night than is ever 
brought about by exposure to the night air. 

‘‘ Much of the suffering is occasioned by over-feeding.” .(P. 124.) 

Sub-Section III. — Cape op Good Hope. 

Garrison 4000 to 6000 men, chiefly Europeans. 

The cMef stations are Cape Town, Grahams Town, King WilUam Town ; 
Port Elizabeth, Algoa Bay, and several small frontier stations. At Hatal 
there is also a small force. The climate is almost everywhere good; the 
temperature is not extreme nor very variable ; the movement of air is con- 
siderable. 

At Cape Town the mean annual temperature is 67°, with a mean annual 
range of about 38°. 

Loss of strength yearly per 1000. Loss of seirice yearly per 1000. Number of days 
Deaths, all kinds. Invaliding. Admissions. Mean daily sick, to each sick man. 

1859->61, 11*28 15 876*2 46 72 19*89 

1862, 9*73 16*2 864 44*7 18*88 

Malarious diseases are very uncommon. ‘‘Continued fevers” (probably 
typhoid) are seen and are rather common, though not very fatal. In 1859-61 
they gave a mortality of 1*2 per 1000, and in 1862 of 1*11 per 1000 of strength. 
In the earlier periods dysentery and diarrhoea were very common ; they are 
now less so ; in many cases, especially in the small frontier stations, they * 
were clearly owing to bad water. 

Ophthalmia has prevailed rather largely, especially in some years ; there 
is a good deal of dust in many parts of the colony, and it has been attributed 
to this ; the disease is probably the specific ophthalmia (grey granulations), 
an^ is propagated by contagion. Whether it had its origin in any catarrhal 
condition produced by the wind and dust, and then became contagious, is one 
of those moot points wMch cannot yet be answered (see page 448). 

The Cape has always been noted for the numerous cases of rheumatism and 
cardiac disease, and a good monograph on this subject is much wanted. The 
prevalence of this affection has bera attributed to the exposure and rapid 
marches in hill districts during the Kaf&r wars. 

Taking the years 1859-62, as expressing tolerably fairly the effect, per se, 
of the climate, we find that the whole colony gave twenty-two admissions and 
1*58 deaths per 1000 of strength from diseases of the circulation.' TMs is 
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certainly somewhat greater than at any other station ,dnring these years, as 
will be seen from the following table : — 


Diseases of the Circulatory Organa.'*' 


Admissions ^r 1000 
of strength. 

Deaths per 1000 
of strength. 

Home, 

9 

.73 

Gibraltar, 

6 

•64 

Malta, 

5 

•51 

Canada, 

3 

•73 

Windward and Leeward Command, 

4 

•81 

Jamaica, 

6 

•78 

Mauritius, 

11 

. ’56 

Ceylon, 

17 

•83 

Australia and Tasmania, 

13 

2-34 

New Zealand, .... 

7 

•98 

Bengal Presidency, 

10 

•62 

Madras Presidency, 

15 

1-27 

Bombay Presidency, . * . 

12 

•53 


It seems therefore probable that there is an excess of cardiac cases at the Cape, 
especially as we find that the number invalided for such affections is large. 
(Statistical Eeport for 1862, p. 94). 

Scurvy has prevailed a good deal at the Cape, especially in some of the 
Kaffir wars. Venereal diseases are common, and in some years have given 
admissions equal to 250 per 1000 of strength ; the average is about 190 per 
1000. The Cape has always been considered a kind of sanitarium for India. 
Its coolness, and the rapid movement of the air — the brightness and clearness 
of the atmosphere, and the freedom from malaria, probably cause its salubrity. 
It has been supposed that it might be well to send troops to the Cape for two 
or three years before sending them on to India. This plan has, I believe, 
never been perfectly tried, but in the case of regiments sent on hurriedly to 
India on emergency, it has been said that the men did not bear the Indian 
climate weU. Probably these were put under unfavourable conditions, and 
the question is still uncertain. 

As a convalescent place for troops who have been quartered in a malarious 
district it is excellent.+ 


SECTION VI. 

MAUEITIUS. 

Garrison, about 1500 to 2000 men. 

Mauritius in the eastern, has been often compared with Jamaica in the western 
seas. The geographical position as respects the equator is not very dissimil^ ; 
the mean annual temperature (80® Fahr.) is almost the same ; the fluctuations 
and undulations are more considerable, but still are not excessive ; the 
humidity of air is nearly the same, or perhaps a little less ; the rain-fall 
(66 to 76 inches) is almost the same^ and the geological formation is really 
not very dissimilar. Yet, with all these points of similarity in climatic 
conditions, the diseases ar^ very different. 


* Copied from a paper of Dr Balfour. 

t See effect on the o9th Regiment in the Army Medical Rej^iort for 1869, p. 99. 
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M^darioos fever is not nearly so frequent as in Jamaica, and yellow fever is 
quite unknown ; Mauritius, therefore, has never shown these epochs of great 
mortality which the West Indies have had. Hepatic diseases, on the other 
hand, which are so uncommon in the West Indies, are very common in the 
Mauritius. For example, in 1859 there were 47 cases of acute and chronic 
hepatitis in 1254 men, while in Jamaica there was 1 case out of 807 men. 
In 1860 there were 31 admissions from acute hepatitis out of 1886 men ; in 
Jamaica, there was not a single case. In 1862 there were 12 cases of acute, 
11 of chronic hepatitis, and 72 cases of hepatic congestion out of 2049 men ; 
in Jamaica, in the same year, there was only 1 case of acute hepatitis out^of 
702 men. This has always been marked ; is it owing to an error in diagnosis, 
or to differences in diet? It can scarcely be attributed to any difference in 
climate. 

In the Mauritius,. as in Jamaica, a ‘^continued fever” is not uncommon; 
this is now being returned in part as typhoid. It has occasionally been 
imported.* Dysentery and diarrhoea have largely prevailed, but are now 
becoming less frequent, though still in too great amount. In this respect 
Jamaica now contrasts very favourably with the Mauritius ; thus, in 1860, there 
were altogether 213 admissions per 1000 hf dysentery and diarrhoea, and 6 '8 
deaths per 1000 ; in Jamaica, in the same year, there was not a single admis- 
sion from dysentery, and only 19 from diarrhoea among 594 men, and no 
death. Cholera has prevailed twice (1819 imported, and in 1 8 6 1-2). Formerly 
there was a large mortality from limg diseases ; now, as in Jamaica, this entry 
is much less, npt more than half that of former days. The deaths from 
phthisis per 1000 of strength were, in 1860, *521 ; fn 1861, 1*03; and in 
1864, 1*94; but in the latter year 11 men were invalided for phthisis. 
Venereal (enthetic) diseases gave about 100 to 120 admissions per 1000 of 
strength. Ophthalmia prevails moderately ; to nothing like the same extent 
as at the Cape. 

In the earlier periods, owing to the absence of yellow fever, the mortality 
of the Mauritius contrasted favourably with that of Jamaica, but now it is 
rather greater. 

of Strength, 


YEans. 

Loss of Strength. 

Loss of Service. 

Mortality, all 
Causes. 

Invaliding. 

Admissions. 

Mean Daily 
Sick. 

Days in Hos- 
pital to each 
Sick Man. 

1817-36, 



1249 

68 

20 

1837-66, 

24 

. . . 

909 

. . . 


1859, 

16 


1237 

48-76 

14-39 

1860, 

23*86 

11-13 

1119 

44-83 

14-62 

1861, 

11-97 

4-2 

608 

26-51 

16-31 

1862, 

43-92 

19-6 

822 

31-72 

14-77 


The large mortality in 1862 was owing to epidemic cholera, and partly to 
the arrival of troops who had served in China, and were in bad health. 


* In the troopship Donald M^y in 1860. It i« not clear, however, what the fever wan. 
On board ship there were 56 cases and 4 deaths, and after landing, 40 cases and 5 deaths in the 
same regiment. 
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Fop the means to be adopted for lessening the amount of continued fever,” 
dysentery, diarrhoea, and hepatitis, see chapter on the prevention of these 
diseases (p. 440). 

SECTION VIL 
CEYLON.* 

Garrison, 800 to 900 white troops, 1200 to 1500 black troops. Popula- 
tion, 1,800,000, including nearly 5000 Europeans. The stations for the white 
troops are chiefly Galle, Colombo, Kandy, and Trincomalee, with a conva- 
lescent station at Newera Ellia (6200 feet above sea-level). The black troops 
are more scattered, at Badulla, Pultan, Jaffna, &c. 

Geology , — A considerable part of the island is composed of granite, gneiss, 
and hornblende granite rocks; these have become greatly weathered and 
decomposed, and form masses of a conglomerate called “ cabook,” which is 
clayey like the laterite of India, and is used for building. The soil is derived 
from the debris of the granite, is said to absorb and retain water eagerly. In 
some parts, as at Kandy, there is crystalline limestone. 

Climate , — ^This differs of course exceedingly at different elevations. At 
Colombo, sea-level, the climate is warm, equable and limited. Mean annual 
temperature about 81°. Mean temperature — April, 82°‘70 ; January, 78°*19 ; 
amplitude of the yearly fluctuation = 4°’51. April and May are the hottest 
months; January and December the coldest. Amount of rain about 74 
inches; the greatest amount falls in May with the S.W. monsoon (about 13 
to 14 inches) ; and again in October and November with the N.E. monsoon 
(about 10 to 12 inches) in each month. Kain, however, falls in every month, 
the smallest amount being in February and March. The heaviest yearly fall 
ever noted was 120 inches. '^Ehe humidity is very great, about the same as 
at Jamaic6L The S.W. monsoon blows from May to September, and the 
N.E. monsoon during the remainder of the year, being unsteady and rather 
diverted from its course (long-shore wind) in February and March. 

At Kandy (72 miles from Colombo, 1676 feet above sea-level), the mean 
temperature is less, 3° to 5° ; the air is still absolutely humid, though relatively 
rather dry. At 9.30 a.m. the mean annual dew-point is 70°‘4, and at 3.30 it 
is 71®’54. This corresponds to 8*11 and 8*42 grains in a cubic foot of air ; as 
the mean temperature at these times is 76*37 and 79*27, the mean annual 
relative humidity of the air at 9.30 a.m. and 3.30 p.m. is 71 and 63 per cent, 
of saturation (see tables, pp. 390 and 393). The heat is oppressive, as Kandy 
lies in a hollow, as in the bottom of a cup. 

At Newera Ellia (48 miles from Kandy, and 6210 feet high) is a large table- 
land, where, since 1828, some Europeans have been stationed ; the climate is 
European, and at times wintry ; the thermometer has been as low as 29°, 
and white frosts may occur in the early morning in the coldest months. The 
mean annual temperature is about 59°.t 

In the dry season (January to May) the daily thermometer’s range is ex- 
cessive ; the thermometer may stand at 29° at daybreak, and at 8 a.m. reaches 
62° ; at mid-day it will mark 70° to 74°, and then fall to 50° at dark. In one 
day the range has been from 27° to* 74° = 47°. The air is very dry, the 
difference between the dry and wet bulbs being sometimes 15°. Assuming 
the dry bulb to mark 70°, this will give a relative humidity of only 38 per 


* For a full account, see Sir E. Tennant’s Ceylon. 

t I have taken many of these facts from an excellent Report by Assistant-Suigeon R. A . 
Allan, which I had the advantage of reading, as well as from Sir E. Tennant’s book. 



544 


FOBEIGN SBEVIOE. 


cent of satuxation ; the barometer stands at about 24*25 inches. Although 
the range of temperature is thus so great, it is equable from day to day. 

Such a climate, "with its bright sun and rarefied air, an almost constant 
breeze, and an immense evaporating force, seems to give us, at this period, the 
very beau ideal of a mountain climate. 

In the wet season (May or June to November) aU these conditions are 
reversed. The mean thermometer of 24 hours m about 59®, and the range is 
only from 56® at daybreak to 62® at mid-day, during the height of the mon- 
soon ; about 30 inches of rain-fall, and sometimes as much as 70 ; the air is 
often almost saturated. 

Two more striking climatic differences than between January and June can 
hardly be conceived, yet it is said Newera Ellia is equally healthy in the wet 
as in the dry season ; the human frame seems to accommodate itseK to these 
great vicissitudes without difiiculty. 

Although there is some moist and even marshy ground near the station, 
ague is very uncommon ; the temperature is too low in the dry season, and 
the fall of rain too great in the wet. It is said that dyspepsia, hepatic affec- 
tions, and nervous affections are much benefited ; phthisis to some extent, but, 
it would appear, scarcely so much as our European experience would have led 
us to expect ; rheumatism does not do well, nor, it is said, chronic dysentery ; 
but it would be veiy desirable to test this point, as well as that of the influence 
on phthisis carefully. The so-called “ hiU diarrhoea'' of India is unknown. 

The neighbouring Horton Hills are said to be even better than Newera 
Ellia itself. Probably, in the whole of Hindustan, a better sanitary station 
does not exist. It is inferior, if it be inferior, only to the Neilgherries, and 
one or two of the best Himalayan stations. 

Diseases of the Native Population, 

In some parts of the island, especially at Trincomalee, there is much 
malarious disease, and hepatic and splenic engorgements are common ; dysen- 
tery, diarrhoea, rheumatism, and skin diseases are all common. At Colombo, 
smallpox, cholera, and continued fevers are frequent. The sanitary condition 
of Colombo is bad j the native town is badly drained ; there are many cess- 
pools, and wells close to them. 

Elephantiasis and leprosy are common in some parts, scarcely seen in 
other (Trincomalee). At Trincomalee, Dr Kelaart states that scrofula is very 
common, and is attributed by the natives to syphilis introduced by the Por- 
tuguese, and kept up by intermarriage. 

In the district of Kandy the population would seem to be healthier ; in 
1859 the deaths were 20*27 per 1000 living, and the births 24*93.* If this 
be true for all years, it contrasts favourably even with England 

Diseofies of the Troops. 

Jn Ceylon, as in so many other stations, we find that the amount of sick- 
ness and mortality has greatly declined of late years. In the earlier periods 
it was very great. Destructive fevers (malarious ? typhoid ? bilious remittent?) 
of uncertain nature prevailed, and in some years, as in 1817, were very fetal 
liver diseases (often attended with abscess) have always been much more com- 
mon at ColomTO and Trincomalee than at Kingston or Port-Boyal in Jamaica, 
with the same high annual temperature and the same equability of climate. 

Dysentery and diarrhoea have also always been frequent. In feet the 

* MS. Report on Kamljr, by Burgeon M^Qregor. 
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diseases of troops are very similar to those of Hindustan, except that on the 
whole there has been less fatality. 

Per 1000 of Strength {White Troops), 


Years. 

Loss of Strength. 

Loss of Service. 

Deaths. 

Invaliding.* 

Admissions. 

Mean daily 
sick. 

Days in 
Hospital to 
each sick man. 

1817-36, 

69*8 


1678 



1837-56, 

38*6 

• • • 



• • • 

1859, 

35*05 


1693 

79*31 

1612 

I860, 

19*65 


1671 

70*14 

17-32 

1861, 

19*85 

12 1 


66*15 

16-77 

1862, 

19*43 

33-2 

1233 1 

75*51 

22-35 


If these numbers be compared with the West Indian or Canadian stations, 
the great amount of sickness and mortality in Ceylon is evident. The loss of 
service is very serious. Thus, to take the year 1862, the table shows that 
1000 men would have furnished 75*51 daily sick ; as the white troops actually 
present in Ceylon in 1862 numbered 874, the daily amount of sick was 66. 
Therefore there were for the whole force (66 x 365 = ) 24,090 days lost to 
the State, or each man lost 27*56 days — o, very large amount. 

When the causes of this great siclmess and mortality are looked into, they 
are found to be as follows. Paroxysmal fevers, dysentery, ophthalmia, enthetic 
diseases, acute and chronic hepatitis, acute and chronic bronchitis, drunken- 
ness, phlegmon, and ulcers give the largest admissions. Cholera, dysentery, 
hepatitis, and phthisis appear to be the chief causes of mortality. 

The diseases, in fact, are chiefly those of India. 

The deaths from phthisis in Ceylon in 1860, 1861, and 1862, were 2*18, 
2*2, and 3*43 per 1000 of strength. There does not appear to have been 
much invaliding from this cause (none in 1860-1861), so that phthisis is ap- 
parently rather infrequent in Ceylon, though perhaps more common than in 
the Mauritius. 

With regard to the lessening of this considerable ^amount of sickness, the 
measures necessary for India must be adopted in Ceylon. (See also chapter 
on Prevention op Disease, p. 426.) 

Among the black troops in Ceylon, the admissions have averaged 1064, 
and the deaths 11*97, or without violent deaths, 10*97 per 1000 of strength. 
The chief causes of admissions are paroxysmal fevers, and of deaths cholera, 
dysentery, and paroxysmal fevers. “ Continued fever ” also figures among the 
returns, but is less common of late years. The average number constantly 
sick is about 32, and the duration of the cases 10 or 11 days. 

In Ceylon, therefore, the black troops are healthier thm the white, con- 
trasting in this remarkably with thcr West Indies. 

In conclusion, it may be said that much sanitary work has evidently to be 
done in Ceylon before the state of the white troops can be considered at all 
satisfactory. 


♦ By the term invaliding is implied the troops actually discharged the service for ill health. 

2 M 
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SECTION VIIL 
INDIA* 

More than 72,000 Europeans are now quartered in India, and there is in 
addition a large native army. In this place the Europeans will be chiefly 
referred to, as it would require a large work to consider properly the health of 
the native troops.t 

In the Eirst Book various points connected with the health of Europeans 
in India have been discussed ; in this place I have merely to give a short 
outline of the conditions of service in that country, and of the amount of sick- 
ness and mortality. 

The 72,000 Europ^ns are thus distributed : — About 46,000 are serving in 
the Bengal Presidency, which includes Bengal proper, the North-W est Pro- 
vinces, tiie Punjaub, and Trans-Indus stations. About 14,000 are serving in 
the Madras Presidency, winch also garrisons some part of the coast of Burmah, 
and sends detachments of native troops to the Straits of Malacca. It garri- 
sons also Aden on the Red Sea. About 12,000 are serving in the Bombay 
Presidency. J The troops consist of all arms. 

These men are serving in a country which includes nearly 28° of lat. and 
33° of long., and in which the British possessions amount to 1,465,322 square 
miles. Stretching from within 8° of the equator to 15° beyond the line of 
the tropics, and embracing countries of every elevation, the climate of Hin- 
dustan presents almost every variety; and the troops serving in it, and 
moving from place to place are in turn exposed to remarkable differences 
of temperature, degrees of atmospheric humidity, pressure of air, and kind 
and force of wind, &c. 

Watered by great rivers which have brought down from the high lands 
vast deposits in the course of ages, a considerable portion of the surface of the 
extensive plains is formed by alluvial deposit, which, under the heat of the 
sun, renders vast districts more or less malarious ; and there are certain parts 
of the country where the development of malaria is probably as intense as in 
any part of the world. A population, in some places thickly clustered, in 
others greatly scattered, formed of many races and speaking many tongues. 


* Ko medical officer should serve in India without carefully studying one of the best works 
ev» published on hygiene, Dr Norman Chevers* essay on the " Means of Preserving the Health 
of Euroj^ns in Inma/* published in the Indian Annals. It is to be revetted that it has not 
been published as a separate work. The Introduction to Sir Ranald Martin’s great work on 
‘'Tropical Diseases’^ contains most valuable sanitary rules. Dr Moore's “ Health in the Tro- 

S ics*’ is also a work all should read. I need not say that the Report of the Indian Sanitary 
bmmission should be very carefully considered. The Government have just published in a 
small form the Report of the Indian Sanitary Commission, and an Abstract of all the Station 
Returns sent in to the Commission, with some of the evidence, and this will be a most valuable 
document for all officers serving in India. The present chapter may perhaps serve as a sort of 
introduction to Ihis larger work. The Barrack Improvement Commissioners have also pub- 
lished a very useful work, entitled “Suggestions in Regard to Sanitary Works for Indian Stations.** 
t The general principles of hydene are of course to be applied in the case of the natives of 
Hindustan, and so far there is nothing unusual. In the chapter on Food, I have purposely in- 
cluded the chief articles of diet ; the question of water and air is the same for all nations, and 
other hygienic rules of clothing or exercise can be easily applied to them. But their health is 
much influenced Iw their customs, which are in many races peculiar, only proper way of 
treating such a subject would he by a work on the hygiene of India generally, mctuding the 
native army as a branch of the community. 

t For brevity, it is customarv to speak of serving in Bengal. Bombay, or Madias, when speak- 
ing of the Presidency, so that these names are sometimes applied to the cities, sometimes to the 
presidendes ; but a btUe care will idways distinguish whi& is meant. 
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and with remarkably diverse customs, inhabits the country, and indirectly 
affects very greatly the health of the Europeans. 

Cantoned over this country, the soldiers are also subjected to the special 
influences of their barrack Me, and to the peculiar habits which tropical 
service produces. 

We can divide the causes which act on the European force into four sub- 
sections : — 

1. The country and climate. 

2. The diseases of the natives. 

3. The special hygienic conditions under which the soldier is placed, 

4. The service, and the individual habits of the soldier. 

Sub-Section I. — ^The Country and Climate. 

The geological structure and the meteorological conditions are, of course, 
extremely various, and it is impossible to do more than glance at a few of the 
chief points. 

1, Soil * — There is almost every variety of geological structure. In the 
north-west, the vast chain of the Himalayas is composed of high peaks of 
granite and gneiss ; while lower down is gneiss and slate, and then sandstone 
and diluvial detritus. Stretching from Cape Comorin almost to Guzerat, 
come the great Western Ghauts, formed chiefly of granite, with volcanic rocks 
around ; and then stretching from these, come the Vindhya and Satpoora 
Mountains, which are chiefly volcanic, and inclose the two great basins of the 
Taptee and Herbudda rivers. Joining on to the Vindhya, come the Aravalli 
Hills, stretching towards Delhi, and having at their highest point Mount 
Aboo, which is probably destined to become the great health resort of Central 
India. 

On the east side, the lower chain of the Eastern Ghauts slopes into the table- 
land of the Deccan ; and at the junction of the Eastern and Western Ghauts 
come the Neilgherry Hills, from 8000 to 9000 feet above sea-level, and formed 
of granite, syenite, hornblende, and gneiss. But to enumerate all the Indian 
mountains would be impossible. 

Speaking in very general terms, the soil of many of the plains may be 
classed under four great headings (Forbes Watson). 

(a.) Alluvial soil, brought down by the great rivers Ganges, Indus, Brah- 
mapootra, rivers of Nerbudda, Guzerat, &c. It is supposed that about one-third 
of all Hindustan is composed of this alluvium, which is chiefly siliceous, vrith 
some alumina and iron. At points it is very stiff with clay ; as in some parts 
of the Punjaub,’m Scinde, and in some portion of Lower Bengal Underneath 
the alluvial soil lies, in many places, the so-called clayey laterite (see page 260), 
Many of the stations in Bengal are placed on alluvial soil 

This alluvial soil, especially when, not far from the surface, clayey laterite 
is found, is often malarious ; sometimes it is moist only a foot or two from 
the surface ; and if not covered by vegetation, is extremely hot. 

As a rule, troops should not be located on it. Whatever be done to the 
spot itself-— and much good maybe done by efficient draining — ^the influences 
of the surrounding country cannot be obviated. Europeans can never be en- 
tirely free from the influences of malaria. There is but one perfect remedy ; 
to lessen the force in the plains to the smallest number, consistent with 
military conditions, and to place the rest of the men on the higher lands. 


* See Carter’s ** Summary of the Geology of India,’* in the ** Journal of the Bombay Asiatic 
Society Transactions," 1858. 

2 M 2 
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iiSetmt from the alluvial, is the soil of certain districts, such as 
the vast Bunn of Cutch, which have the beds of inland seas, and now 
itma immense lev^l marshy tracks, which are extremely malarious. The Bunn 
of Cutch contains 7000 square miles of such country. 

ft.) The so-called ‘‘ regur,” or “ cotton soil,” formed by disintegrated basalt 
and trap. It stretches down from Bundelcund nearly to the south of the 
peninsxila, and spreads over the table-land of Mysore, and is common in the 
Deccan. It is often, but not always, dark in colour. It contains little ve^ 
table organic matter (1*5 to 2*6 per cent.), and is chiefly made up of sand (70 
to 80 per cent.), carbonate of lime (10 to 20 per cent.), and a little alumina. 
It is very absorbent of water, and is generally thought unhealthy. It is not 
so malarious as the alluvium; but attacks of cholera have been supposed 
to be particularly frequent over this soiL 

(c.) Bed soil from disintegration of granite. This is sometimes loamy, at 
other times clayey. ; especially where felspar is abundant. The clay is often 
very stif^ 

(d.) Calcareous and other soils scattered over the surface, or lying beneath 
the alluvium or cotton soil There are, in many parts of India, large masses 
of calcareous (carbonate of lime) conglomerate, which is called kunkur. It is 
much used in Bengal for footpaths and pavements. 

In Behar, and some other places, the soils contain large quantities of nitre, 
and various of the sand plains are largely impregnated with salts. 

2. Temperature , — ^There is an immense variety of temperature. Towards 
the south, and on the sea-coast, the climate is often equable and uniform. 
The amplitudes of the annual and diurnal fluctuations are small, and in 
some places, especially those which lie somewhat out of the force of the 
south-west monsoon, the climate is perhaps the most equable imthe world. 

At some stations on the southern coast, the temperature at the sun’s zenith 
is lower than at the declination, in consequence of the occurrence of clouds 
and rain, brought up by the south-west monsoon. 

In the interior, on the plateaux of low elevation, the temperature is greater, 
and the yearly and diurnal fluctuations are more marked. On the hill stations 
(6000 to 8000 feet above sesrlevel), the mean temperature is much less ; the 
fluctuations are sometimes great, sometimes inconsiderable. 

The influence of winds is very great on the temperature ; the sea winds 
lowering it, hot land winds raising it greatly. 

The temperature of a few of the principal stations is subjoined, merely to give 
an idea of the temperature.* Those of the hill stations are given under the 
proper headings. 


* These are ti^en from Mr Glaisher’s veiy excellent report in the India Sanitary Commission, 
which mast be consulted for fuller details of the greatest value. 
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Mean of year, 
January, . 
February, 

March, . 

April, 

May, 

Juno, 

July, . . . 

August, . 
September, 
October, . 
N’oveniber, 
December, 
Amplitude of yearly 
fluctuation (difference 
between hottest and 
coldest months), 


82 78 

70 66 

75 69 

83 75 

88 84 

89 93 

87 88 

85 86 

85 82 

85 83 

84 79 

78 70 

72 64 


80*4 79 

64 66 


77 78 73 74 

61 59 54 52 

65 68 60 55 

70 76 68 65 

83 81 77 75 

90 94 86 88 

92 95 89 91 

88 90 87 91 

84 86 86 88 

82 86 83 84 

76 79 76 73 

68 68 61 64 

62 58 55 56 


19 29 33 31 31 37 35 39 


Tlie increase in the amplitude of the yearly fluctuation is thus seen as we 
pass to the north, and ascend above sea-leveL 


Madras Presidency, 


Months. 

Madras, 
Fort St 
Qeoige, at 
6ea>level. 

Bangalore, 
3000 feet 
above sea- 
leveL lyear 
only. 

Bellary, 
1600 feet 
above 
sea-level. 

Secunder- 
abad, 1800 
feet above 
sea-level. 

Cannanore, 
15 feet 
above Sba- 
level. 


o 

o 

o 

o 

o 

Mean of year. 

82 

76 

80 

80 

82 

January, 

76 

69 

74 

73 

82 

February, 

78 

73 

79 

• 76 

82 

March, . 

80 

79 

85 

81 

84 

April, 

84 

79 

88 

86 

86 

May, 

87 

82 

86 

89 

86 

June, 

July, . 

88 

77 

83 I 

83 

80 

86 

77 

80 

80 

79 

August, 

86 

76 

79 

79 

79 

September, 

84 

76 

79 

78 

79 

October, 

82 * 

76 

78 

78 

81 

November, 

79 

73 

74 

76 

82 

December, 

76 

71 

73 

73 

81 

Amplitude of yearly ) 
fluctuation, . . ) 

12 

13 

16 

16 

7 
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Bombay Brmdmoy. 


Months. 

”■8 

Poonah, 1800 
feet above 
sea-leveL 

Belgatun, 
2260 feet 
above sea- 
level. 

Nagpoie. 


Mbow, 1862 
feet above 
sea-level. 

Hyderabad 
(S^de), 99 
feet above 
sea-level. 

Knrrachee, 

27 feet above 
sea-level. 


e 

o 

e 

e 

o 

0 

o 

e 

Mean of year, 

80 

78 

74 

81 

71 

77 

81 

78 

January, . 

74 

72 

72 

71 

55 

70 

64 

62 

February, . 

76 

76 

76 

76 

60 

72 

71 

67 


'80 

79 

78 

84 

70 

80 

81 

74 

April, . . 

83 

83 

81 

93 

81 

86 

87 

84 


86 

86 

78 

93 

84 

87 

91 

84 

June, . . 

83 

81 

76 

86 

80 

74 

92 

88 

July, . . 

81 

77 

73 

81 

74 

82 

91 

88 

August, . 

81 

76 

72 

81 

74 

75 

88 

82 

September, 

80 

77 

74 

82 

75 

75 

85 

81 

October, . 

82 

79 

74 

82 

71 

77 

82 

79 

November, 

79 

76 

72 

75 

67 

75 

73 

73 

December, 

Amplitude 

76 

73 

■ 70 

73 

65 

71 

66 

65 

of yearly 
fluctua- 1 

12 

13 

11 

22 

29 

17 

28 

26 

tion, . 










These temperatures, which represent those of stations of the countries where 
the troops are stationed, should be compared with the temperature of hill 
stations subsequently given. 

The mean monthly maximum and mean minimum temperatures of some of 
these places are as follows : — 


Places. 

Mean Maximum 
Hottest Month. 

Mean Minimum 
Coldest Month. 

Greatest 

tKissible 

Monthly 

Amplitime. 

Calcutta, .... 

May, . 

94® 

December, . 

69“ 

36“ 

Madras, .... 

May, . 

91 

January, . 

66 

26 

Lucknow, .... 

May, . 

100 

January, . 

53 

47 

Peshawur, .... 

June, . 

102 

January, . 

44 

68 

Bellaiy, .... 

May, . 

92 

February, . 

66 

27 

Bangalore, .... 

April, . 

91 

January, . 

69 

32 

Secunderabad, . . 

May, , 

95 

January, . 

64 

31 

Neemuch, .... 

May, . 

94 

January, . 

49 

46 

Poonah, .... 

April, . 

96 

January, . 

68 

37 

Kurrachee, . . . 

June, . 

96 

January, . 

60 

46 
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The mean daily range of temperature is as follows ; — 



Bengal Presidency. 

Madras 

Presidency. 

Bombay 

Presidency. 

Months. 

Calcutta, 

Fort-William. 

Madras, 

Fort St George. 

Lucknow. 

m 

1 

1 

Bellary. 

Bangalore. 

Secunderabad. 

Poonak 

Neemuch. 

Kurracbee. 


O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

January, 

18 

21 

25 

22 

16 

10 


14 

23 

13 

36 

February, . 

18 

21 

19 

19 

13 

16 


16 

24 

21 

15 

March, 

17 

21 


18 

16 

17 

18 

u 

23 

20 

14 

April, 

16 

gill 


21 

23 

15 

15 


24 

jglil 

9 

May, 

15 

20 

19 

26 

18 

15 

■o 

13 

1^ 

19 


June, . . 

10 

19 

16 

14 

23 


15 

9 

13 

4 

14 

July, 

8 

6 

16 

. 14 

19 


14 

8 

B3 

3 

12 

August, 

8 

Igrii 

7 

12 ! 

22 

9 

12 

9 

9 

2 

13 


8 

21 

6 

9 

21 

11 

12 

9 

11 

8 

10 

October, 


21 

13 

27 

19 

10 

■o 

11 

18 

11 

21 

November, . 

15 

19 

16 

31 

20 

8 

12 

12 

22 

22 

37 

December, . 

18 

18 

11 

16 

15 

10 

18 

13 

22 

21 

39 

Mean daily range 1 
of year, / 

13 

19 

16 

19 

19 

12 

16 

12 

18 

14 

19 


The extreme daily range is, of coiusc, greater than this. 

In addition, there are at several places great undulations of temperature 
from hot land winds, or from sea or shore breezes, or from mountain currents, 
which give to the place local peculiarities of temperature. 

The temperature of the sun’s rays has not yet been properly determined 
with the self-registering black-bulb thermometer in vacuo. The temperatures 
which are recorded are, I believe, all made with the common thermometer, 
and give no adequate idea of the real heat of the sun. (See page 414.) 

These few figures give a general view of the chief thermometric points, and 
it will be seen that many of these stations are marked by a continued high 
temperature and a small mean daily range. To get the same mean annual 
temperature as in England, it would be necessary that 9500 feet be ascribed 
to places south of Lat. 20 ° ; between Lat. 20° and 26°, 9000 feet ; between 
Lat. 26° and 30°, 8700 feet; and north of Lat. 30°, 8500 (Glaisher). 

The mean monthly temperatures would, however, at such elevations, differ 
somewhat from those of England. Speal^ng generally, an elevation of 6000 
to 6000 feet will give over the whole of India a mean annual temperature 
about 10° higher than that of England, and with a rather smaller range 
(Glaisher). 

Mr Glaisher has calculated that in the cold months the decrease of tempera- 
ture is 1°*06 for each 300 feet of ascent, but inci'eases from March to August 
to 4° *6, and then gradually declines. These results are not accordant with the 
recent balloon ascents in this climate. 

Humidity . — ^The humidity of different parts of India varies extremely ; 
there are climates of extreme hiunidity — either flat, hot plains, like Lower 
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Soiiid^ where, without ram^ the hot air kfrequexitlyaMost saturated, end 
contain 10 or 11 grains of vapour in a cubic foot ; or mountain ran^ like 
Dodabetta in Madi^, 8640 feet above searlevel, where during the rainy sea- 
son the air is also almost saturated ; a copious rain, at certain times of the 
year, may make the air excessively moist, as on the Malabar coast, the ^'coast 
of Tenasserim, or on the Khasyah Hills, where the south-west monsoon parts 
with its vapours in enormous quantities. 

On the other hand, on the elevated table-land of the interior, and on the 
hot plains of north-west India, during the dry season, or in the pl^es exposed 
to the land winds at any part, the air is excessively dry. In the Deccan the 
annual average of the relative humidity is only 55 per cent, of saturation 
(Sykes^. Mr Glaisher has assembled all that is at present known on the 
humidity of India. I extract a few stations. 


Mean Dm-Point. 


Moinus. 

Calcutta, 

Fort-William. 

Jo 

mQQ 

1 

ft* 

Bombay. 

Benares. 

Meerut. 

Pesbawur. 

Bellary. 

Secunderabad. 

1 

Kurrachee. 

Belgaum. 

January, 

o 

67 

o 

67 

o 

64 

o 

48 

0 

64 

o 

39 

o 

54 

o 

54 

o 

61 

e 

48 

o 

54 

February, . 

61 


64 

53 

66 

43 

60 

51 

60 

65 

61 

March, 





59 

66 

58 

60 

54 

60 

68 

April, 

72 

76 

Eil 


56 

66 

69 

69 

69 

66 

60 

May, 

76 

76 

75 

72 

71 

62 

62 

Wm 

65 

74 

66 

June,* 

78 

73 

76 

78 

76 

72 


06 

67 

76 

68 

July, 

78 


wm 

84 

80 

74 


68 


76 

68 

August, 

78 

74 

74 

80 

71 

74 

66 

71 

69 

75 

67 

September, . 

78 

75 

75 

80 

75 

65 

69 

73 

67 

71 

66 

October, 

74 

74 

74 

76 

71 

66 

67 

66 

62 

66 

61 

November, . 

64 

wa 


61 


45 

66 

58 

65 

62 

61 

December, , 

67 

69 

64 

54 

48 

39 


54 

51 

47 

55 

Mean daily ave- ) 
rage of Year, j 

70 

72 

71 

67 

65 

67 

63 

62 

59 

64 

61 


If the table at page 390 be looked at, the mean monthly amount of vapour 
in a cubic foot of air will be the number opposite the temperature of the 
above table. If the mean monthly temperature of the month at any of the 
above stations be taken out of the teble of mean monthly temperature already 
given, the mean monthly relative humidity (or, in other words, the evaporat- 
ing force of the air) can be calculated. 

Thus let us take the month of Jidy at Calcutta. 

Mean dew-point ~ 78 == 10*31 in a cubic foot of air. 

Meen temperature ~ 85 s: 12*78 in a cubic foot of air. 


, .... 10*31x100 

The relative humidity — rsrgg — ~ 80 per cent, of saturation. 
Mbtborolooy.) 


(See 


It may be well to mention the dew-point of the year at Greenwich for com- 
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parisozL ; it is 44° j tlie mean weight of vapour is 3*3, varying from 4*7 giains 
in August to 2*4 in January ; the mean relative humidity is 82, varying hx)m 
89 in December and January to 76 in July. Calcutta is, therefore, as far as 
relative humidity (^.6. evaporating power) goes, very little more moist than 
England, and this slight deficiency must be more than compensated by the 
higher temperature. 

Main , — ^The amount of rain and the period of Ml vary exceedingly. It is 
chiefly regulated by the monsoons. 

When the south-west monsoon, loaded with vapour, first strikes on high 
land, as on the Western Ghauts on the Malabar coast, on the mountains of 
Tenasserim, and especially on the mountains of the Khasyah HillS| at 
some points of which it meets with a stiU colder air, a deluge of rain falls ; 
as for example at Cannanore (Malabar), 121 inches ; Mahableshwur, 253 inches; 
Moulmein (Tenasserim), 180 inches; Cherrapoonjee (Khasyah Hills), 600 
inches. On the other hand, even in places near the sea, if there is no high 
land, and the temperature is high, scarcely any rain falls ; as in Aden, on the 
Eed Sea, or at Kotu, in Scinde, where the amount is only 1*8 annually, or 
Kurrachee, where the yearly average is only 4*6 inches. Or in inland districts, 
the south-west monsoon, having lost most of its water as it passed over the 
hills, may be comparatively dry, as at Nusseerabad, where only 15*8 inches 
fall per annum, or Peshawur, where there are 13*7 inches annually. 

The amount of rain in some of the principal stations is — 



Average. 


Avenge. 

Calcutta, 

. 56*8 

Madras Presidency — 

Madras, 

, 50 

Bellarry, 

. 21-7 

Bombay, 

. 72-7 

Bangalore, . 

. 25 

Bengal Presidency — 


Trichinopoly, 

. 30-6 

Dinapore, . 

. 311 

Secunderabad, 

. 34-6 

Berhampore, 

. 49-8 



Benares, 

Ghazeepore, 

. 37-4 



. 41-4 

Bombay Presidency — 


Azimghur, . 

. 40 

Belgaum, 

. 51-5 

Agra, . 

. 27-9 

Poonah, 

. 27-6 

Delhi, 

. 251 

Neemuch, 

. 341 

Meerut. 

. 18 

Kamptee, 

. 41-8 

Punjaub, . 

. 66-6 



Winds , — The general winds of India are the north-east monsoon, which is, 
in fact, the great north-east trade-wind, and the south-west monsoon, a wind 
caused by the aspiration of the hot earth of Hindustan and the adjoining coun- 
tries, when the sun is at its northern declination. During part of the year 
(May to August) the south-west monsoon forces back the trade-wind or throws 
it up, for at gyeat altitudes the north-east monsoon blows through the whole 
year, and the south-west monsoon is below it. But, in addition, there are an 
immense number of local winds which are caused by the diverting effect of hills 
or the monsoons, or are cold currents from hills, or sea breezes, or shore winds 
caused by the contact of sea breezes and other winds, or by the first feeble 
action of the south-west monsoon before it has completely drivenback the north- 
east trade. The south-west monsoon is in most of its course loaded .with 
vapour ; the north-east is, on the contrary, a colder and drier wind, except 
when at certain times of the year, in passing over the Indian Ocean, it takes 
up some water, and reaches the Coromandel coast and Ceylon a moist and 
rain-carrying wind. . " 
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The hot laud winds are caused by both the south-west monsoon, after it 
has parted with its moisture and got warmed by the hot central plains, and 
the north-east monsoon; the temperature is very great, and the relative 
humidity very small ; the difference between the dry and the wet bulb being 
sometimes 15® to 26® Fahr. 

Pressure of the Air . — On this point little need be said. The barometer is 
very steady at most searcoast stations, and its daily variations (see Meteorology) 
are chiefly caused by alteration in humidity. An elevation of 6000 feet lowers 
the barometer to nearly 26 inches. 

Electricity . — On this point few, if any, experiments have been made ; the 
air is extremely charged with electricity, especially in the dry season, and the 
dust-storms are attended with marked disturbance of the electrometer.* 

The estimation of the effects of such various climates is a task of great diffi- 
culty, which has 'been already, in great part, discussed in the chapter on 
Climate. Long-continued high temperature, alternations of great atmospheric 
dryness and moisture, rapidly moving and perhaps dry and hot air, are 
common conditions at many stations ; at others, great heat during part of the 
year is foDowed by weather so cold that even in ]&igland it would be thought 
keen. When to these influences the development of malaria is added, enough 
has been said to show that, a priori^ we can feel certain that the natives of 
temperate climates will not support such a climate without influence on health, 
and the selection of healthy spots for troops is a matter of the ^eatest 
moment as affects both health and comfort. This much being said, it must 
at the same time be asserted that, malaria excepted, the influences of climate 
are not the chief causes of sickness. 

The location of troops should be governed by two or throe conditions. 1. 
Military necessities ; 2. Convenience ; 3. Conditions of health. The second 
of these conditions is, however, a mere question of administration ; every 
place can be made convenient in these days of railways and easy locomotion. 
Military necessity and health are the only real considerations which should 
guide our choice. 

What is now wanted in India is some great soldier, who, vrith the intuitive 
glance of genius, will indicate what are the vital military points. These must 
be held with the necessary forces, and then the whole of the remaining troops 
can be located on the most healthy spots. 

These spots cannot be in the plains. Let any one look at a geological 
map of India, and see the vast tract of alluvial soil which stretches from the 
loose soil of Calcutta, formed by the deposit of a tidal estuary, up past 
Cawnpore, Delhi, to the vast plans of the Punjaub, Scinde, and Beloochistan. 
The whole of that space is more or less malarious, and will continue to be so 
until, in the course of centuries, it is brought into complete tillage, drained, 
and cultivated. 

In looking for healthy spots, where temperature is less tropical, and mala- 
rious exhalations less abundant, there are only two classes of localities which 
can be chosen — seaside places and highlands. 

Seaside places . — ^The advantages of a locality of this kind are, the reduction 
in temperature caused by the expanse of water, the absence of excessive 
dryness of the air, and the frequent occurrence of breezes from the sea. All 
these advantages may be counteracted by the other features of the place ; by 
a damp alluvial soil, bad water, &c. 

It does not appear that many eligible places have yet been found, and as a 


* See Baddeley’s Whirlwinde and Dast-itonns of India” (1800), Tor a very good account of 
theiie Angular stoxma. 
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suWitute m Bengal, the Europeans &om Calcutta go and live on hoard a 
steamer anchored off the Sandheads, thus literally carrying out a suggestion 
of Lind in the West Indies a century ago. 

In the Bay of Bengal, Waltair, in the northern division of Madias, is one 
of the best.* Cape Calimere (28 miles south of Nagapatam) also appears to 
have many advantages (Macpherson). On the opposite coast, Cape JTegrais, 
on the Burmese coast, was pointed out as long ago as 1825, by Sir Eanald 
Martin as a good marine sanitarium, and Amherst, in Tenasserim, and some 
of the islands down the coast towards Mergui, are beautiful spots for such a 
purpose, being, however, unfortunately at a great distance from the large 
military stations, and not being well supplied with food. 

On the Bombay side, at Sedashagur or Beitkul Bay,between Mangalore 
and Goa, a spur of the Western Ghauts projects into the sea for upwards of a 
mile, and forms an admirable sea-coast sanitarium (Macpherson). 

All these sea-coast stations seem adapted for organic visceral Sections and 
dysentery, but they are not so well calculated for permanent stations for 
healthy men. Prolmbly they are rather sanitaria than stations. 

Highlands , — ^The location of troops on the hills or on elevated table-lands 
has long been considered by the best army medical officers as the most 
important sanitary measure wliich can be adopted. Not only does such a 
location improve greatly the vigour of the men, who on the hill stations 
preserve the healthy, ruddy hue of the European, but it prevents many 
diseases. If properly selected, the vast class of malarious diseases disappears ; 
liver diseases are less common, and bowel complaints, in some stations at any 
rate, are neither so frequent nor so violent. Digestion and blood-nutrition are 
greatly improved. Moreover, a proper degree of exercise can be taken, and 
the best personal hygienic rules easily observed. 

Indian surgeons appear, however, to think the hill stations not adapted for 
cardiac and respiratory complaints; it is possible that this objection is 
theoretical The latest European experience is to the effect that phthisis is 
singularly benefited by even moderate, still more perhaps by great elevation ; , 
that anaemia and faulty blood-nutrition are cured by high positions with 
great rapidity, and that if the elevation be not too great (perhaps not over 
3000 feet) even chronic heart diseases are improved (see page 420). In some 
of the hill stations of India bowel complaints were formerly so frequent as to 
give rise to the term “ hill diarrhoea.” The elevation was credited with an 
effect whibh it never produced, for, not to speak of other parts of the world, 
there are stations in India itself (Darjeeling, for example) as high as any other, 
where the so-called lull diarrhoea was unknown. At Newera Ellia, in Ceylon, 
too, if the simple condition of mountain elevation could have produced diarrhoea, 
it would have been present, but it has never been known there. The cause of 
the hill diarrhoea was certainly, in many stations, the impure drinking water ; 
whether this was the case in all, I am not sure. Some of the hill stations are 
said not to be adapted for rheumatic cases ; in other instances (as at Subathoo) 
rheumatism is much benefited. I infer, from reading the reports from these 
stations, that damp barracks, and not the station, have been in some cases the 
cause of the rheumatism. 

But it must be noticed that the evidence given before the Indian Sanitary 
Commission shows, on all or almost all lull stations, a most lamentable want 
of the commonest sanitary appliances. At great expense, men are sent up to 
the hills, where everything is or was left undone which could make that 
expense profitable. It appeared to be thought sufficient to ascend 6000 feet 


* Evidence of Dr Maclean in Indian Report, p. 139. 
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to abandon all the most obvious sanitaiy rules^ without which no place 
can be healthy. 

Admitting, as a point now amply proved, that stations of elevation are the 
proper localities for all troops not detained in plains by imperative military 
reasons, the following questions are still not completely answered : — 

1. ITHiat amount of elevation is the best! We have seen that to reduce 
the temperature to the English mean, 5000 to 6000 feet must on an average 
be ascended. But then such an elevation brings with it certain incon- 
veniences, viz., in some stations much rain and even fog at certain times of 
the year, and cold winds. However unple^nt this may be, it yet seems 
clear, from the experience of Hewera Elba, in Ceylon, that d^p and cold 
are not hurtfuL But it must also be said that, with a proper selection, dry 
localities can be fgund at this elevation. 

From 3000 to 4000 feet have been recommended, especially, to avoid the 
conditions just mentioned. Whether places of this height are equal to the 
colder and higher points is uncertain. 

Even at 6000 feet there maybe marsh land, though it is not very malarious. 
Malarious fever has been known during the rains at Kussowlie (6400 feet), 
and 3ubathoo (4000), and other Himalayan stations. Malaria may, however, 
drift up valleys to a great height but, apart from this, it seems likely that 
5000 feet, and probably 4000, will perfectly secure from malaria. Probably, 
indeed, a less height will be found effectual. 

At no point do hot land winds occur, or at any rate endure, at above 4000 
feet 

Dr Macpherson (Inspector-General of Hospitals, Madras), divides moun- 
tain climates into three categories : — 

1. Below 3500 feet, tonic and soothing. 

2. Between 3500 and 6000 feet, tonic and invigorating. 

3. Above 6000 feet, tonic and exciting.t 

' On the whole, it would appear probable that the best localities are above 
5000 feet, but below 7000. 

2. What stations are the best — ^the tops of solitary hills, spurs of high 
mountains, or elevated table-lands 1 

Banald Martin has called especial attention to the solitary hiUs, rising as 
they do sometimes from an almost level plain to 2000 and 3000 feet. Such 
mountain islands seem especially adapted for troops if there is sufficient space 
at the top. They ore free from ravines conducting cold air from higher land, 
and ore often less rainy than the spurs of loftier hills. 

The spurs of the Himalayas, however, present many eligible spots, and so 
do some table lands. And perhaps, on the whole, if the elevation is suffi- 
cient, it is not a matter of much importance which of these formations is 
chosen ; other circumstances, vii., purity of water, space, ease of access, and 
supplies, &c., will generally decide. 

In choosing hill stations, the points discussed in the chapter on Soils should 
be careftdly considered, and it is always desirable to have a trial for a year or 
two before the station is permanently fixed. 

It may be desirable to ^ve an enumeration of the hill stations now in use. 
The following table is copied from Dr Macpherson. 


* It has drifted up even to the anminita of the Neilgherrieii, 7000 or 8000 feet.— /tMfum Sanitary 
Hr mUott^ Evidence, vol. i., p. 250. 

T The sUtementa of Jourdaaet (see page 421) should receive due consideratioi), and he tested 
hy ohservations, hut it is probable they are not correct; they apply to elevations above 6000 
feet. 
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In all the presidencies of India, elevated spots where troops can be cantoned 
exist in abundance/ 

Fresh stations are, however, being constantly discovered, and it seems now 
certain that there is scarcely any important strategical point without an 
elevated site near it. 

^hTear Nynee Tal, in Kumaon, are Almorah (560Q feet), and Hawalbagh 
(4000 feet), both well spoken of. Kunawar (5000 or 6000 feet), in the 
valley of the Sutlej, has a delicious climate ; and Chini (about 100 miles 
from Simla), is a most desirable spot. 

Passing down from the north-west towards Calcutta, Dr McClellan found 
elevated knd within 100 miles of Allahabad ; and fariher south still there 
came the Travancore mountains, with ntunerous good sites. 

If, then, the mass of the troops are cantoned on elevated places, the dis- 
advantages of climate are almost removed. The Indian Sanitary Commis- 
sioners recommend that one-third of the force shall be in the hills, and that 
enfeebled men and recruits especially shall be sent there. But it is to be 
hoped that not only one-third, but a large majority of the troops will 
eventually be placed there. 


Sub-Section II. — Diseases op the Natives. 

It is impossible that Europeans can be perfectly isolated from the nations 
among whom they serve ; they have suffered from the pestilential diseases of 
the Hindus, but still it is wonderful they have not suffered more. Cholera is 
the chief disease, which, arising in the native population, scourges their con- 
querors. Some fevers also, relapsing fever, perhaps a “ febris icterodes,*^ or 
bilious remittent, which has occasionally attacked Europeans, have had their 
origin, or at any rate their conditions of spread, in the dense populations of 
native cities. Happily, the black death (the Maha murree or Pdi plague) has 
never yet spread to the troops, and has indeed been confined within narrow 
limits. Still these pestilences among the native population are an ever-pre- 
sent menace to Europeans, and, as in the case of cholera, may pass to them at 
any time. Cholera, certainly, will never be extirpated until attacked in its 
strongholds, among the miserable dwellings which make so large a part of 
every oriental city. 

The exact influence on Europeans of the customs and modes of life of the 
natives of India has not, as far as I know, been made an object of special study, 
but it cannot be inconsiderable. In many places the Europeans and the natives 
are in close neighbourhood, and the air at all times, and often the water, must 
be influenced by the social life of the native races. The proximity to large 
cities or bazaars is indeed often alluded to by army oflicers as affecting the 
health of their men ; it would be very interesting to know the precise effect. 
The sanitary condition of almost all the large native towns, and the sanitary 
habits of the country people, are as bad as can be. Bad water, foetid air, want 
of sewerage removal, and personal habits of uncleanliness abound everywhere. 
The Beport of the Indian Sanitary Commission is now beginning a series of 
changes in this respect, which probably change, in toto^ the medical 
history of India. 


* See the evidence in the Indian Sanitary Beport (Vol. I.) of Sir R. Martin, Mr Elliott, Dr 
MacleaiL Dr Alexander GranL Mr Montgomery Martin> and others. Also most instructive 
reports oy Dr Macpherson, Indian Report, Vol. II. p. 622, and by Dr Alexander Grant, Indian 
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Sub-Section III. — Special Hygienic Conditions. 

The special hygienic conditions (apart from locality) under which the 
soldier serves in India have been the main causes of excess of disease. This 
subject has lately received a most searching inquiry from the Sanitary Com^ 
missioners.* They declare, and after reading the Station Reports and the 
evidence given before them, no one will doubt the assertion, th^ while malaria, 
extremes of temperature, moisture, and variability of temperate cause a cer- 
tain amount of sickness, there are other causes of a very active kind, con- 
nected with stations, barracks, hospitals, and the habits of the men, of the 
same nature as those which are known in colder climates to occasion attacks 
of those very diseases from which the Indian army suffer so severely.” 

And the Commissioners enumerate a list of causes connected -with un- 
healthy stations, bad barracks, over-crowding, impure air and water, bad drain- 
age, imperfect ablution, inferior rations and cooing, &c. 

In fact, no doubt can exist in the minds of all who have studied the sub- 
ject, that these form, the most potent class of causes which affect health. 

. Sub-Section IV, — Habits and Customs of the Troops. 

The habits of the men and the customs of service are, however, also great 
causes of disease. 

The men are, as a rule, intemperate, great smokers, and indisposed for 
exertion. It has, indeed, been pointed out with truth, that in proportion to 
their amount of exercise the men are much overfed, and some diseases of the 
liver appear to result directly from this simple condition. 

The want of exercise is not always the fault of the men. The early morn- 
ing hours, and often the evening, are occupied with parades ; in the period 
between, the men are often confined to barracks. Here, listless, unoccupied, 
and devoured with ennui, they pass the weary day, lying down perhaps for 
hours daily, or lounging on chairs smoking. 

This forced confinement to barracks is indeed an evil often greater than that 
it is intended to remove. To prevent men from passing out into the sun they 
fitte compelled to remain in a hot, often ill-ventilated room, worse for health 
than the intensest rays of the sun,t that scape-goat of almost every fault and 
vice of Indian life. 


• Report of the Commissioners on the Sanitary State of the Army in India, 1863. Report, 
p. 79, published in 1864 in small bulk. 

t I shall never foiget the sufferings of the men in the old barracks at Madras. We arrived 
there from Moulmein, where the men nad never been coniined to barracks, and where during two 
hot seasons no ii^uxy had resulted from allowing them to go out when they liked. On arrival 
at Madras, in accordance wth invariable custom, the men were confined to barracks. They lay 
all day on their beds, reeking with perspiration ; the space was so small and ventilation so baa, 
that the heat was perfectly intolerable in the barracks, though the sun’s rays were quite bear- 
able. The sufferings were extreme. When the afternoon came, more imury had been done by 
the hot and impure air than exposure to the aun’s rays could have caused. 

At Moulmein, in Tenasserim, at one time, two European regiments served together. The 
barracks of each were perfectly healthy ; the food and duties were the same ; yet one showed a 
sick list and mortality always much greater than the other. Serving in ^e station .shortly 
afterwards, I was so struck by this difference that I went over all the returns and reports in the 
staff-surgeon's office to make out the cause ; the only difference I could detect was that in the 
sickly regiment the men were confined to barracks, in the other they were allowed to go about as 
tligr pleased. Many years afterwards I met with a medical officer who had served in the sickly 
regiment, and learned from him that he had always considered the confinement to barracks, and 
the want of exercise, and the impure air breathed by that system almost night and day, were 
the causes of a disj^rity so striking. No one would recommend imprudent exposure to the 
son ; men may be trusted to avoid its intensest rays, but to reduce men to enforced idleness for 
many hours, and to confine them in the small space of a barrack-room, is not the way of meet^ 
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All these causes are summed up by Miss Nightingale in some of those 
telling sentences which have done more than anything else to force attention 
to &ese vital questiona After referring to the large mortality of India, Miss 
Nightingale* continues : — 

1. unofficial people are everywhere asking the question, how this great 
death-rate has arisen — ^how it happens that one of the most civilised and 
healthy nations in the wodd no sooner lands the pick of its working popula-* 
tion in tropicatylimates (for similar losses occur in all tropical climat^ among 
us), than they begin to die off at this enormous rate.. 

‘‘lam a&aid the reply must be, that British civilisation is insular and local, 
and that it takes small account of how the world goes on out of its own island. 
There is a certain aptiinde amongst other nations which enables them to adapt 
themselves, more or less^ to foreign climates and countries. But, wherever you 
place your Briton, you may feel satisfied that he will care nothing about climates. 

“ If he has been a large eater and a hard drinker at home — ten to one he 
will be, to say the least of it, as large an eater and as hard a drinker in the 
burning plains of Hindustan. Enlist an Irish or a Scotch labourer who has 
done many a hard day’s work almost entirely on farinaceous or vegetable diet, 
with an occasional dose of whisky, place him at some Indian station where 
the thermometer ranges at between 90® and 100®, and he will make no difficulty* 
in disposing of three or four times the quantity of animal food he ever ate under 
the hardest labour during winter at home — ^if‘, indeed, he ever ate any at aU. 

“ Now the ordinary system of dieting British soldiers in India is more adapted 
to a cold climate them that of out-door farm-servants doing work in England. 

“ More than this, the occasional dram at home is commuted, by regulation, 
in India, into a permission to drink two drams, 6 oz. of raw spirits every 
day And be it remembered that, at the same time, the men have little or 
nothing to do. The craving for spirits, induced by this regulation-habit of 
tippling, leads to increase of drunkenness — so that, what with over-eating, 
over-diinking, total idleness, and vice springing directly from these, the Briti^ 
soldier in India has small chance indeed of coping with the climate, so called. 
The regulation-allowance of raw spirit which a man may obtain at the canteen 
is no less than 18^ gallons per *annum ; which is, I l^lievc, three times the 
amount per individual which has raised Scotland, in the estimation of econo- 
mists, to the rank of being the most spirit-consuming nation in Europe, Of 
late years, malt liquor has been partly substituted for spirits. But, up to the 
present time, every man, if he thinks fit, may draw his 18 J gallons a-year of 
spirits, besides what he gets surreptitiously at the Bazaar.t 

“ So much for intemperance. But not to this alone, nor to this mainly, nor 
to this and its kindred vice together, is to be laid the soldier mortality in India, 

“ The diseases ffom which the soldier mainly suffers there are miasmatic : 
now, intemperance never produced miasmatic diseases yet. They are foul-air 
diseases and foul-water diseases : fevers, dysenteries, and so on. But intem- 
perance may ca^ liver disease ; and it may put the man into a state of health 
which prevents him from resisting miasmatic causes. 

“ 2. What are these causes ? We have not for to look. 

“ The Briton leaves his national civilisation behind him, and brings his 
personal vices with him. 

“ At home there have been great improvements everywhere in agricultural 
and in town drainage, and in providing plentiful and pure water supplies. 


the evil, (On this point see also page 540 for Dr Clarke’s observations on want of exercise as 
compared with ezposnre to the sun on the West Coast of AfHca.) 

• jBow People may live and not 0ie in India,'’ by Florence Nightingale, 1868, p. 5. 
t Sir Hugh Bose has now reduced the spirit ration one-half. 
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<< There is nothing of the kind in India. There is no drainage either in 
town or in country. There is not a single station drained. If such a state 
of t^gs existed at home, we should know that we have fevers, cholera, and 
epidemics to expect. But hitherto only a few enlightened people have ex- 
pected anything of the kind from these same causes in India (although they 
are always happening). 

As regards water, there is certainly not a single barrack in India, which 
is supplied, in our sense of the term, at aU. There are neither water-pipes 
nor drain-pipes. Water is to he had either from tanks, into which all the 
filth on the neighbouring surface may at any time be washed by the rains ; or 
from shallow wells, dug in unwholesome or doubtful soil. So simple a piece 
of mechanism as a pump is unknown. Water is drawn in skins, carried in 
skins on the backs of men or bullocks, and poured into any sort of vessels in 
the barracks for use. The quantity of water is utterly insufficient for health. 
And as to the quality, the less said about that the better. There is no reason 
to hope that any station has what in this country would be called a pure water 
supply. And at some it is to be feared that, when men drink water, they 
drii^ cholera with it. 

The construction of barracks, where men have to pass their whole period 
of service, is another illustration of how completely home civilisation is 
reversed in India. All our best soldiers have been brought up in country 
cottages ; and when in barracks at home, there are rarely more than D*om 
twelve to twenty men in a room. But as soon as the soldier comes to India 
he is put into a room with 100, or 300, and, in one case, with as many as 600 
men. Just when the p^ciple of subdivision into a number of detached 
barracks becomes of, literally, vital importance, the proceeding is reversed ; 
and the men are crowded together under circumstances certain, even in Eng- 
land, to destroy their health. 

“ To take another illustration : Our home British population is about the 
most active in the world. In fact we in this country consider exercise and 
health inseparable ; but as soon as the same men go to India, they are shut 
up all day in their hot, close barrack-rooms, where they also eat and sleep ; 
they are not allowed to take exercise ; all then meals are eaten in the hottest 
part of the day, and served to them by native servants ; and they lie on their 
beds idle and partly sleeping till sunset ! ‘ Unrefreshing day-sleep * is indeed 
alleged as one 6f the causes for the soldier’s ill-health in India — ^the soldier, 
the type of endurance and activity, who now becomes the type of sloth ! 

** 3. The Indian social state of the British soldier is not o^y the reverse of 
the social state of the soldier at home, and of the class from which he is taken, 
but there is a great exaggeration in the wrong direction. Yet people are sur- 
prised that British soldiers die in India, and lay the whole blame on the climate. 

** It is natural to us to seek a scape-goat for every neglect, and climate has 
been made to play this part ever since we set foot in In^a. Sir Charles 
Napier says, * That every evil fix)m which British troops have suffered has 
been laid at .its door.’ ^The effects of ifiaxv’s imprudence are attributed to 
climate ; if a man gets drunk, the sun has given him a headache, and so on.’ 
In regard to Delhi, he says, ^Every garden, if not kept clean, becomes a morass ; 
weeds flourish, filth runs riot, and the grandest city in India has the name of 
being insalubrious, although there is nothing evil about it that does not appear 
to be of man’s own creation.* 

** One most important result of the inquiry of the Boyal Commission has 
been to destroy this bugbear. They Imve reduced * climate ’ to its proper 
dimensions and influence, and they have shown that, just as hot moist weather 
at home calls people to account for sanitary neglects and acts of intem$i|ra^ 

2 N 



562 


FOREIGN SERVICE. 


SO does tbe climate of India call to account the same people there. There is 
not a dmdow of proof that Lidia was created to be the graye of the British 
msB. The evidence, on the contrary, is rather in the other direction, and 
diows that all that the climate requires is that men shall adapt their social 
habits and customs to it ; as, indeed, they must do to the requirements of 
every other climate under heaven. 

This necessity includes all the recommendations made by the Boyal Com- 
mission for improving the health, and reducing to one-sixth the death-rate of 
the British Amy in In^a. They all amount to this ; You have in India 
such and such a climate; if you wish to keep your health in it : — 

** Be moderate in eating and drinking ; eat very little animal food ; let your 
diet be chiefly fltiinaceous and vegetable. 

“ Spirits are a poison, to be us^ only (like other poisons) for any good pur- 
pose, under medicd advice. Use beer or light wine, but sparingly. Drink 
coffee or tea. Clothe yourself lightly to suit the climate, wearing thin flannel 
always next the skin. Take plenty of exercise, and use prudence and common 
sense as to the times of it. 

“ So fer for personal habits. But a man cannot drain and sewer his own 
city, nor lay a water supply on to his own station, nor build his own barracks. 
‘What follows pertains to Government : — 

“ Let it be the first care to have a plentiful supply of pure water laid on for 
every purpose ; drain all dwellings ; have no cess-pits ; attend rigidly to 
cleansing, not only to surface>cleansing. 

Never build in a wet hollow nor on a sludgy river-bank, which would be 
avoided by sensible people even at home. Never cfowd large numbers into 
the same room ; build separate barrack-rooms, instecul of large barracks ; place 
these so that the air plays flreely round them ; raise them above the ground 
with a current of air beneath. 

Do these things, and the climate may be left to take care of itself 
** But, if we wo^d make India about as healthy as England, only somewhat 
hotter, let us have improved agriculture and agricultural drainage. 

If all these improvements were carried out, the normal death-rate of the 
British soldier would be not 69 per 1000, but 10 per 1000, say the Com- 
missionme. 

But it IS not for the soldier alone we speak. The report has a much 
deeper meaning and intent than this : — ^it aims at nothing less than to bring 
the appliances of a higher civilisation to the natives of In£a. Such revelations 
are made, especially in the reports from the stations, with regard to the sanitary 
condition of these, as to be almost incredible. Everywhere the people are 
suffering from ^idemic diseases ; fevers, dysenteries, cholera — constant epide- 
mics we may call them, and constant high death-rates (how high can never be 
known, because there is no registration). 

Tim plague and pestilence is the ordinary state of things. The extra- 
ordinary is when these sweep over large tracts, gathering strength in their 
course, to pass over gigantic mountain ranges, and to spread their ravages over 
West^ Asia and Europe. And all this might be saved ! 

We know the causes of epidemic outbreaks here. Take the worst condition 
of the worst and most neglected town district at home; and this is, to say the 
least of it, much better than the normal condition of nearly the whole smc&ce 
of every city and town in India. 

*<Not one city or town is drained; domestic filth round the people’s houses 
is bqrond description ; watw supply is from wells, or tanks, in ground satu- 
rated with flhh; no domeBtic conveniences; every spare plot of ground is 
therefore in a condition defyit^ us to mention it farther ; rains of the rainy 
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season wash the filth of the past dry season into the wells and tanks. Theair 
in, and for some distance round, natiTe towns is as foul as sewer air. [At 
Madras a wall has actually been built to keep this from the British town.] 
No sanitary administration ; no sanitary polica 

^^Here then we have, upon a gigantic scale, the very conditions which in- 
variably precede epidemics at home. India is the focus of epidemics. Had 
India not been such, cholera might never have been. Even now, the Sunder- 
bunds, where every sanitary evil is to be found in its perfection, are nursing 
a form of plague increasing yearly in intensity, covering a larger and larger 
area, and drawing slowly roimd the capital of Ibdia itself. 

** Are we to learn our lesson in time t 

“ Some say. What have we to do with the natives or their habits ] 

Others find an excuse for doing nothing in the questions arising out of 
caste. But caste has not interfered with railways. 

“ The people of themselves have no power to prevent or remove these 
evils, which now stand as an impassable barrier against all progress. Govern- 
ment is everything in India. 

“ The time has gone past when India was considered a mere appanage of 
British commerce. In holding India, we must be able to show the moral 
right of our tenure. Much is being done, no doubt, to improve the country — 
by railways, canals, and means of communication ; to improve the people — ^by 
education, including under this word, European literature and science. 

“ But what at home can be done in education, if we neglect physical lawsi 
How does education progress here, without means of cleanliness, of decency, 
or health? The school lessons of a month are sapped in an hour. If the 
people are left a prey to epidemics and to immoral agencies in their homes, it 
is not much good sending them to school Where should we be now with all 
our schools, if London were like Calcutta, Madras, or Bombay, the three seats 
of Government in India ? 

‘‘ The next great work, then, is sanitary reform in India. 

“ There is not a town which does not want water supply, draining, paving, 
and cleansing. 

Healthy plans for arranging and constructing buildings. 

“ Together with agiicultu^ drainage and improved cultivation aU round. 

“ These things the people cannot do for themselves. But the India Govern- 
ment can do them. ****** 

**The work is urgent. Every day it is left undone adds its quota of 
inefficiency to the British army, and its thousands of deaths to the native 
population. Danger is common to European and to native. Many of the 
best men this country ever had have fallen victims to the same causes of 
disease which have decimated the population of Hindustan. And so it will 
be till the India Government has Mfilled its vast responsibility towards those 
great multitudes who are no longer strangers and foreigners, but as much the 
subjects of OUT beloved Queen as any one of us.” (Page 5, et seq,) 

There are one or two points, connected with the habits of the soldier, which 
must be a little more di^ussed .With rogaxd especially to diet two points 
must be considered ; — 

1. What amount of food should'be taken ? In India, as in all parts of the 
world, food is taken in proportion to the mechanic^ work done by the body, 
and to the equivalent of m^hani^l force, viz., animal heat. 

High temperature, as leiw9e;mg the loss of the body heat, must, pro tanto^ 
lessen the need of food to supply tiie temperature ; and it has been supposed 
that the diet of men in .^o^d countries (Amtic regions) and in hot, contrasted 
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jn Tespeot of the amoimt of caxhoiiiferoiis food taken by each. 

^t elthoi^h it is certain that large quantities of moat and fat are ti^en by 
mien living in or arriving in cdd oountri^ it is now known that the natives 
of some of the hottest parts of the world take immense quantities of both fsts 
and starches. In £mt, both these substances perhaps, certainly fats, are taken 
to supply mechanic^ force directly, as well as animal heat It is not, in fact, 
yet known what amount of lessening of food, or what kind of lessening, the 
increased heat of the tropics demands, or whether any is demanded, for exact 
experiments are wanting. Our best guide at present for the quantity of food 
to be taken in the tropics, is to apportion it to the amount of mechanical work 
done, as in temperate climates. In India, as elsewhere, it must be in balance 
with exercise. The points then to be considered are the amounts of daily 
food and of daily exercise, and by means of the tables (p. 139, et eeq,) 
formerly given, and by knowing the habits of the men, little difficulty will 
be found in determining the proper mtion quantity of food with accuracy. 

Admitting that at present we are not in a position to say whether the rela- 
tive proportions of the four great dietetic classes should be altered in India, 
from the standard proved to be the best for temperate climates, we can yet 
affirm that our present knowledge would seem to show that the amounts of 
these substances should not necessarily be altered. 

The Indian regulation ration is as follows : — 


Daily Ration in India^ in most Stations^ in ounces and tenths of ounces. 





Nutritive Value. 


Name of Article. 

Daily 






Water. 

Nitrog. 

Subst. 

Fats. 

Starches. 

Salts. 


Quantity. 

Bread, . 

16 

6-4 

1*28 

•24 

7-8 

•2 

{ 

16, less 3*2 

) 





Meat, . . < 

for bone. 

>9-6 

1-92 

1-07 

. . . 

•2 

{ 

= 12*8 

j 





Vegetables,*taken ) 
as Carrots, J 

16 

13-6 

•96 

•04 

•93 

•11 

Rice, 

4 

•4 

•20 

•03 

3-33 

•02 

Sugar, . 

2-5 

•076 

... 

... 

2-41 

•012 

Salt, 

1 

« * • i 

. . . 

. . . 

. . . 

1- 

Coffee, . 

1-75 

... 

... 

... 

... 

... 

Total, exclusiveof 1 
Coffee, ^ j 

52-3 

30076 

\Wm 






Total Solids, 21-762t 


If this diet be compared with the home ratio (page 144), it is found to be 
slightly more nitrogenous and less rich in starches. The difference is not 
considerable, however. Is it too much for India? This will depend entirely 
on the amount of service ; no doubt for a perfectly idle man it would be too 
much, but not if the amount of exercise is that of the home standard. It 


* Tbe vegetables are of difereat kiade : yams, sweet potatoes, pumpkins, etc. If yami are 
used, tbe amoimt U greater than in tbe text 

t In calccdatingOitt these diets, there is a little apparent loss from not carrying on aU tbe 
places of decimals. 

















INDU. 


sm 

appea»}, however, that the soldier almost always buys additional food, and 
really eats much more than is stated above. As alr^y said (p. 443), Dr 
Macnamaia fotmd the troops in Bengal taking no less than 76 ounces of 
food water-containing food), while the regulation ration is only 52 ounces, 
so that these men were largely over-feeding. And Dr Dempt^ (Indian 
Sanitary Beport — ^Evidence) states that the majority of the recruits from Scot- 
land and England eat in the hot weather in India much more animal food 
than in the coldest seasons in their native countries.* 

It would therefore seem that illness arises in India from excess of food, but 
it is not the regulation ration which produces it, but the additional purchased 
food, or the extreme idleness of the men, in which case even the regulation 
ration is too much. The only remedy is instruction of the men in what is 
good for them, and no men are so stupid as not to perceive what is best for 
their own comfort and happiness when it is once pointed out to them. 

In addition, the soldier in India had till very lately the spirit ration (now 
lessened to one-half), which has the effect of lessening the power of appropria- 
tion of food, though not always the appetite, and thus indirectly may cause 
over-feeding. 

The amount of fat in the regulation ration is, as at home, too small ; but 
the soldier buys butter and other milk, and takes more oily food. 

2. Admitting (till better observations are made) that men in the tropics, 
undergoing as much exertion as at home, will demand as much food, and in 
Jbhe same proportions, as far as the four classes of aliment are concerned (and 
it seems to me all physiological evidence shows that this must be the case, and 
that not external temperature, jper se^ but mechanical work, is the chief measure 
of food), the next question is, whether the different articles of the diet should be 
altered ; whether, for example, the same amount of nitrogen being given, it 
should be contained in vegetable or animal food ? 

It has been stated by several of the best observers in the tropics that those 
who eat largely of animal food are less healthy than those who take more 
vegetable food ; and Friedel, in his work on China, has lately again directed 
attention to the factt that the amount of digestive and hepatic disease is much 
greater among the English than among any other European settlers in China. 
But whether tliis is owing to excessive animal food, or excess generally in all 
food, and to too much wine, beer, and spirits, is not certain. The diet is 
probably too rich as a whole. 

Supposing meat is taken in proper but not excessive quantity with ferinaceous 
food, as at home, is it less healthy than a quantity of vegetable food containing 
an equivalent amount of nitrogen ? On this point, it seems to me that strict 
scientific evidence has not been produced. With regard to excess of animal 
food there is no doubt ; but animal food in moderation has not, I think, been 
shown to be more active in causing liver complaints in India than at home. 

Considering, indeed, how important it is, when the digestive organs have 
been accustomed to one sort of diet, not to suddenly and completely change it, 
it seems to me very doubtful whether it would be desirable for the European 
arriving in India at once to give up all previous habits, and to commence an 
entirely different kind of diet. 

It is possible, however, that the meat standard of England might be somewhat 
reduced, and the bread, flour, and leguminosas increased. It is at any rate well 
worthy of a careful trial, so that the question might be properly settled by the 

• Colonel Sykes Iona ago directed particular attention to this point, stating with perfect truth 
that the soldier in India u over-stimolated by food and drink, and Under-stimulatw by bodily 
and mental exercise. 

t Already noticed as regards India and the Mauritius. 
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8C^ dl these mattei^ a sufficieiit experience. A certain number of men 
(one or two companies in a regiment) might be selected for these trials, and 
the itete of health carefully noted. 

It often been said Europeans in India should imitate the natires 
in their fdod, but this opinion is l^d (it seems to me) on a misconception. 
The of ag^ has accustomed the Hindu to the custom of taking large 
quantities of rice, 'with pulses or com ; put an European on this diet, and he 
could not at first digest it ; the very bulk would be too much for him. The 
Hindu, 'with this diet, is obliged to take large quantities of condiments (pep- 
pers, &C.) The European who did the same would produce acute gs^tric 
catarrh and hepatic congestion in a very short time ; in fact, as already stated 
(p, 442), one great fault of the diet of Europeans arriving in India is too great 
use of this part of the native diet. 

Two points about the diet of India seem quite clear. One is, that spirits are 
most hurtful, and that even wine and beer must be taken in great moderation. 
Of the two beverages, light wines (clarets), which are now happily coming 
into use in India for the officers, are the best. For the men good be^ should 
be provided, but it is important to teach the men moderation. The allowance 
per man per diem should never be more than a quart, and men would find 
themselves healthier "with a single pint per day. But it would seem probable 
that, especially in the hot stations and seasons, entire abstinence should be 
the rule, and that infusions of tea and coffee are the best beverages.* 

The other point is, that in the tropics there is perhaps even a greater ten- 
dency to scurvy than at home ; the use of fruits, then, is of great importance, 
and whenever practicable, the growth of fruit trees should ^ encouraged in 
the neighbourhood of stations. 

Sir Hi^h Bose has lately issued some good orders with regard to cooking, 
which will have the effect of improving considerably the preparation and the 
variety of food. 

Exerdee in the Tropics . — ^The amount of exercise should not be less than 
at home ; it must necessarily be taken at different hours, early morning and 
evening, in certain parts of India ; but when the time comes that the major 
part of the troops are quartered on the hills, exercise will be able to be taken 
as at homa And this, in fact, is one reason for hill stations. 

The hours during the extreme heat of the sun will be always avoided on 
the plains of India, though it is probable that idleness and inertia have done 
mu(ffi more harm than a little exposure to the sun would have done. 

Health of the Troops. 

The chief statistics of the forces in India are contained in — 

1. Numerous scattered papers in the various Indian medical periodicals for 
the last thiriy years, referring chiefly to the health of one presidency or of 
regiments of forces occupying small districts. 

2. Summaries of the whole, by Colonel Sykes (for twenty years ending 1 847, 
‘‘ Statistical Journal,” voL x.). Sir Eanald Martin (“ Influence of Tropical 
Climates,” 2d edition), Mr Ewart Vital Statistics of European and Native 
Annies,” 1859), Dr Waring and Norman Chevers (^^Indian Annals,” 1868- 
1862) ; and . as far as officers and civilians are concerned, by Colonel Hender- 
son (*‘ Asiatic Besearches,” voL xx.), and Mr Hugh Maepherson, 

3. Official documents, the most important of which are contained in the 

* The drinks which the private soldier often hnys in the basaars in India are of the woivt 
descripUon ; arrack mixed with cayenne and other pungent subi^ces, or fotmentiag t^y 
mixed with peppers ^ narootics, or dragged beer, are common drinks. It would be easy to 
put a stop to this by legislative enactment. 
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ladiaD Sanitaiy Beport, and in the yearly Ajcmy Medical Eeports smce 1860. 
Theae last atatistice^ however, refer only to Queen’s troops, 

Lm of Strmgth of Europeam, 

1. By Death — From all these statistics it appears that the three presi- 
dencies differ in the amount of mortality. Bengal is the most unhealthy 
presidency, and Madras the least so. 

Mortality per 1000 of Europeans, 


Authobitiss. 

Bengal. 

Bombay. 

Madras. 

Sykes (20 years ending ) 
1847), . . . I 

73-8 

60-7 

38-46 

Ewart (42 years for Ben- ) 




gal, 50 Bombay, 30 > 
Madras), . . .1 

69-4 

55*2 

38-8 

Chevers (1846-1864), . 
Sanitary Commission ) 

63-38 

60-2 

69-2 

(66 years, Company > 
Troops), . . . j 

74-1 

66 

63-6 

Queen’s Troops alone I 
(Balfour, 1838-1856), / 
Queen’s Troops alone ) 
(Tulloch, 1817-1856), / 
Queen’s Troops alone 1 
(Balfour, 1860), . / 

76-2 

60-2 

41-5 

79-2 

61-1 

62-9 

39-37 

31-70 

22-63 

Queen’s Troops alone ) 
(Balfour, 1861), . / 

45-67 

24-72 

15-83 

Queen’s Troops alone ) 
(Balfour, 1862), . J 

27-66 

24-6 

20-83 


These numbers are tolerably accordant^ — 

All India. 

Per 1000 of Strength. 

Sir Alexander TuUoch (Queen’s Troops, 1817-1856), . . 70 

Sanitary Commission (Company’s Troops, 1800-1856), . 69 

„ „ ( „ „ 1847-1858), . 61*2 

The mortality of the Company’s Troops, distributed according to ages, is as 
follows (Sanitary Commissioners’ Report, p. 539) : — 

Queenja Troops, 


6-99 

14-02 

18-92 

39-32 


Ages. 

Per 1000 of Strength. 

10™“20, . . 

27-3 


20—25, . 

66-6 


26—80, . 

, . 49 


30—36, . 

60 


36—40, . 

40-46, . 

60 


68-3' 


46—60, . 

54-2 


60—66, . . * . 

66 and upwards, . 

60 


46-4 



38-48 


The mortalily augments, therefore, greatly with age and service, in a tati< 
much quicker than on home service. 
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. <jf Seaidehee in Indku — ^Srom the Saaitaiy Commissioners’ nnmhers 

it is concluded that t&e mortality is highest in the first year of residence, 
ti&en slightly declines, and becomes sensibly less in the fifth year ; ftom that 
time it rises slowly agaizL Entry into India in early life appears to give 
some advantage. 

During the periods referred to in the preceding tables, the mortality has 
greatly varied. In Bengal the deaths were highest in the quinquennial 
period, 1812-1816, viz., 96*6 per 1000, and lowest in 1832-36, viz., 51*6 
per 1000. In 1852, among the Company’s Europeans, the deaths were only 
41*1 per 1000 ; in 1829 they were 43*4 per 1000. 

In Bombay the greatest mortality was in the years 1819-1823, viz., 80 per 
1000, and least in 1849-1853, viz., 28*6 per 1000. In one year, 1855-56, 
there were only 10 per 1000 of strength. The decrease has been supposed to 
be owing to better treatment, and not to improved sanitary conditions. 

The mortality just enumerated is the gross loss, including the deaths in war, 
by violence, suicides, '&c. The effects of war are not easily distinguishable, as 
the consequences of an unhealthy campaign showthemselves for some time after- 
wards. llie present mortality in times of profound peace, and when the force is 
not under peculiarly unfavourable conditions, is probably represented pretty 
closely by the mean mortality of the Queen’s troops in 1860-61-62, viz. : — 

Present Mortality per 1000 of Strength. 

Bengd. Bombay. Madras. 

87-49 27 . 19-76 

The greater mortality in Bengal has been usually ascribed to the greater pre- 
valence of malaria, and to the effects of more frequent wars. On the whole, 
more frequent outbreaks of fever and cholera have probably been chief causes. 

Of late years the mortality in all India has lessened, while the admissions 
have remained the same. It is probable that this is owing to several causes : — 

(a.) Better treatment, viz., especially a larger use of quinine, and a lessened 
use of the terrible plan of giving mercury largely in hepatic and dysenteric 
affections. 

(5.) Earlier invaliding, and the effect of hill sanitaria, though the full use 
of these has not yet been brought out. 

The mortality not only differs in the three presidencies, but in different 
stations in the same presidency, and in different years in the same station. 
This is partly owing to occasional outbreaks of cholera. . 

At some stations the mortality has been occasionally lower than at home \ 
in others, more than twenty times as much. Thus, to take a few stations in 
the Bengal Presidency in 1861 ; — * 

Mortality per 1000 of Strength. 

Dugshai (Himalaya hill station), .... 6*35 

Sawul Findee (Punjaub), 8*18 

XJmritrir, 124*05 

Iftan Meer (Punjaub), cholera, 352*75 

These astonishing differences are the measure of the sanitary work which 
has to be done. 

Banald Martin gives a table with the admissions and deaths in the chief 
European stations during the years 1838-56, which will be useful as showing 
the usual mortality at that time. The numbers at t^ stations witii only 
two or three years’ returns must be held to be doubtful. 

* BalftnuH-Amiy Medical Eeport for 1861, p. 112. 
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AMtaei ahoufing th4 Sklmm and Mortality of tJie Troops of the lAm at the 
nnd^'mmUoned Stations of the Indian Preeidendee^ as nearly as can he 
ascertamed from the Annual Sanitary Beporta forwarded to the War 
Offioe from 1838 to 1866 indudve. 


Stations. 

Period of 
observation. 

Batio per 1000 of 

Years. 

Admissions. 

Deaths. 

Bengal. 




Fort William, . 

7 

1652 

58-08 

Chinsurah, 

2 

2601 

69-96 

Dinapore, 

13 

1847 

82-73 

Ghazeepore, 

5 

1878 

91-94 

Cawnpore, 


2278 

88-90 

Agra, .... 

8 

2365 

60-71 

Meerut, .... 

14 

1690 

44-03 

Kumaiil, .... 

5 

2344 

78-04 

Hazareebaugh, . 

2 

1622 

3415 

Allahabad, 

2 

2479 

115-14 

Loodianah, 

2 

2269 

127-10 

Umballah, 

10 

1497 

61-71 

Kussowlie, 

Ferozepoie, 


1222 

49-01 


1759 

65-12 

JuUundur, 


1727 

37-44 

Lahore, .... 


2848 

90-40 

Eawul Pindee, . 


1868 

43-46 

Peshawur, 

Wuzeerabad, . 


3225 

71-86 


1660 

69-22 

Dugshai, .... 


1423 

26-36 

Subathoo, 


1630 

31-02 

Madras. 




Fort George, . 

16 

1754 

28-93 

Cannanore, ... 

17 

1611 

31-65 

Trichinopoly, ... 

11 

1913 

31-07 

Secunderabad, . 

8 


56-78 

Bangalore, 

17 


24-39 

Kamptee, 

7 


47-72 

Tennasserim Provinces, 

9 



Bellaiy, .... 

7 

1939 


Bombay. 




Colabah and Bombay, 

7 

2165 


Poonah, .... 

13 

2089 


Belgaum, ... 


1644 

41-27 

Deesa, .... 

7 

1641 

33-46 

Kirkee, .... 

14 

1886 


Kuirachee, 

12 

1907 

47-14 

Ahmednugger, . 

3 

2396 

67-19 

Hyderabad, 

4 

2495 

42-43 

Aden, .... 

8 

1239 

84-64 
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CkmiposUum of ihe Force ivflwineing MorMity. 

1316 mortality among officers is always less than among men. 

In the years 1814-33, the mortality of officers of the iSust India Company's 
armies was 38 per 1000 ; in these twenty years, 3194 deaths occurred out of 
4219 officers. The mortality among the officers of the royal army serving 
in India during the same period was 34 per 1000, or^742 deaths out of 1079 
officers. In all, 3936 officers died, whereas in England the deaths of the 
same class would have been 1060. There was, therefore, in twenty years, an 
excess of 2876 deaths, of which 122 only occurred in action or from wounds.^ 
Macpheison determined the rate of deat^ of officers in Bengal for eight years 
(1846-1854). The deaths were 21*2 per 1000 ; the ratio among the soldiers 
being 66*2 per 1000 for the same period. 

liTo later returns have been made ; but it is probable Macpherson’s numbers 
are not far from the ^present amount. However much the officer suffiers in 
comparison with England, he has less than half the mortality of the men. 
The causes of mortality of officers have not yet been fully made out Fevers 
and dysenteries hold the chief rank, but as a class there is much less cholera 
and dysentery among the officers than among the men. 

The morta^ty of non-commissioned officers is also less than that of the men, 
and this has sometimes been very marked in cholera epidemics. The exact 
amount is, however, not known. 

Married men show a less mortality than single men, especially from 
dysenteiy and liver disease. It can scarcely be doubted ^at this is chiefly 
owing to the better cooking of food by their wives. 

Of the different arms, the engineers and artillery are the healthiest ; then 
generally the cavalry, and lastly the infeuitry. 


Causes of Mortality among Europeans, 


There are four diseases, or rather groups of diseases, which ore the chief 
causes of mortality, viz. ; — 

Fevers, paroxysmal and continued. 

Cholera. 

Bowel complaints, especially dysentery, 
liver diseases. 

^ The mortality by all diseases in every hundred deaths of Europeans serving 
in the Presidency of Bombay, between 1830 and 1846, was as follows : — t 


Dysentery, . 

28-627 

Fevers, 

23064 

Cholera, 

10-320 

Hepatic diseases. 

9-697 

Di^hoca, . 

3-914 

Pulmonary diseases, . 

6-807 

H Other diseases, . 

18-697 

Lost in calculation, 

-084 

Total, 

100-000 


If we take the returns of 1860, 1861, and 1862 as representing the present 
causes of mortality in hospitals in India, we find them to be as fdlows • 


* TtMUnflii Saaitanr Benort. p. 19. 
t Sir Baasld Msitiii— Tropical Clinia^ p. 94. 
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Deaths per 1000 of Strength 


Diseases. 

Bengal. 


Bombay. 

Madras. 

1860 . 

1861 . 

1862 . 

1860 . 

1861 . 

1862 . 

1860 . 

1861 . 

1862 . 

Eruptive fevers, . 

■ 

•86 

•05 

•26 

•45 

•17 


•09 

•08 

Paroxysmal fevers, 

2-76 

1-97 

1-86 

wlm 

1-92 

2-11 

1-46 

•66 


Continued fevers. 


2-29 

1-47 



1-18 

118 

•65 

•64 

Dysentery and diarrhoea, 

6-92 

5-28 

3-31 


6-64 

4-38 


2-42 

1-91 

Cholera, 

Tubercular diseases* 1 

12-46 

23-48 

8-21 

9-22 

3-96 

4-63 

3-37 

2-7 

3-67 

(phthisis and haemop- > 
tysia), . . . j 

2-57 

1-89 

1-75 

1-68 

1-24 


2-19 


1-43 

Pneumonia,* 

•47 

•72 

•38 

mm 

•33 

•33 

•17 

•28 

•16 

Acute bronchitis,* 

•28 

•34 

•26 

•37 

... 

•5 

•43 

•19 

•16 

Diseases of nervous sys- ) 
tern,* . . . I 

3-49 

1-75 

1-63 

1-66 

1-35 

1-35 

1-31 

•84 

2-39 

Hepatitis* (acute and ) 
chronic) and icterus, j 
Violent and suicidal) 

3-75 

2-74 

2-97 

2-72 

3-49 

2-69 

3-27 


2-79 

deaths (not execu- > 
tions),* . . .j 

•61 


1-39 

2-11 

1-69 

2-1 



1-6 

! 


Taking the average of the three years, and calcnlating the percentage of 
each of these causes of deaths, we find the table idiows at a glance the im- 
portant differences in moiiality in the three presidencies; in Bengal and 
Bombay malarious fevers are in greater excess than in Madras ; so with 
continued fevers,” which in all presidencies cause a good deal of mortality. 
Dysentery is most fatal in Bengal, then in Bombay, and then in Madras. 
Cholera in the same order, being nearly fourfold as fatal in Bengal as Madras. 
Diseai^s of the nervous system are also more fatal in Bengal. 

With regard to tuberculosis (phthisis and hajmoptysis), it would seem that 
more men die, in proportion to strength, in the hospitals in India, than in Canada 
(see page 534) ; and in rospect of pneumonia (which is rather more frequent in 
Bengal), it would seem that, taking all India, the mean of the three years is 
•31 deaths per 1000 of strength ; in England, the mean of 4 years (1859-62) 
is •565, and in Canada •STO ; so that there is certainly (if the diagnosis be 
correct) a less prevalence in India than in the temperate and cold clunates. 

It is at once seen how great a diminution of mortality there would be, if 
cholera and dysentery could be prevented ; and that the prevention is no idle 
dream, must surely be admitted, after what has been said in the chapter on 
the Prevention of Disease. 

But there are two headings in the table which seem to demand from 
Indian officers a more thorough investigation. What are those fatal diseases 
which appear as paroxysmal and continued fevers 1 The only fatal malarious 
fevers are the intense remittents, fipm which troops only suffer in special 
localities ; during a service of two and a-half years in Burmah, where mala- 


* These uttmliere are all calculated firom tables in the Ap]Mndix to Br Balfour’s Beport, and 
do not inelade the deaths among mvalids on passage to En^nd. 
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rious feYsr was extiemely common, there only occnired five cases of malig- 
nant xenuttent^ of which three were fataL As a rule, however deeply 
fever invades the constitution, and however obstinately it clings to 
it, it is not, in the first instance, a fatal disease ; witness the slight moi^dity 
in &e most malarious country of all our foreign possessions, Demerara. What, 
then, are the forms of those paroxysmal fevers, which every year kill two or 
three men in every 1000 1 If they are malignant remittent, there must bo 
great and unnecessary exposure at some points. 

So also with the return of continued fever is this also a severe malarious 
fever, or typhoid or relapsing fever, both of which occur in India? A com- 
plete analysis of the meaning of this heading would be most important. 

The mortality &om diseases of the nervous system is in part dependent 
on insolatio and delirium tremens, and probably will be lessened in years 
to come. 

2, By The numbers invalided are not known with any ac- 

curacy for a long term of years. 

Discharged per 1000 of Strength 


Yxabs. 

Cavalry and Infantry. 



Eoyal Artillery. 
AU India. 

Bengal. 

Bombay. 

Madras. 

m 

7-46 

20-42 

8-27 

WM 


9-80 

43-65 

9-84 


hI 

15-32 

34-52 

19-88 

18-83 


The great causes of discharge are eye diseases, pulmonary diseases, mental 
diseases, rheumatism, dysenteiy, and hepatic disease. 


Mortality of Native Troops f 

Colond Sykes gives t^e mortality for 182544 as 18 per 1000 of strength 
for all India, and for Bengal, 17'9 ; Bombay, 12*9 ; Madras, 20*95. 

In Madras, from 1842 to 1858, the average was 18 per 1000 (Macpherson), 
of which 6 per 1000 each year were deaths from cholera. 

Ewart gives the following numbers (p. 36), per 1000 of strength — Bengal 
(1826-1852), 13*9; Bombay (1803-1854), 15*8; Madras 0827-1852), 17*6. 

Taking succesmve quinquennial periods, there has been a slight progressive 
decrease in mortality, but this is less marked than in Europeans. 

The excess of mortality is chiefly due to cholera, dysentery, and fever. 


* Owing to tbe want of accoTste censna returns, it is very difficult to know the loss among 
the Indian dvil population. In Calcutta, where the number of inhabitants is pretty ww 
known, the mortali^ in eleven yean fluctuated from 87 to 81; the mean bc^ 51 per 1000. 
The Hindim wen leas healthy than the Mmwulmi^ At Delhi, the rate has been placed at 88 
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Loss of Service of Europeans {Qimris Troops), 
Admissions per 1000 of Strength, 



Bengal. 

Bombay. 

Madras. 

Admissions, 1 838-1 856, 

2047 

2117 

1741 

„ I860, 

2023 

1933 

1487 

„ 1861, 

1954 

1756 

1254 

Mean daily sick, 1860, 

74-89 

66-21 

62-97 

„ „ 1861, 

80-27 

73-02 

57-64 

„ „ 1862, 

... 

69-5 

61-77 

Mean duration of 

cases in days, 1860, 


13-51 

12-50 

15-65 

Mean duration of 

cases in days, 1861, 


14-99 

15-09 

16-77 

Mean duration of 

cases in days, 1862, 


... 

13-95 

17-42 


In 1860, a number equal to three regiments in Bengal, and one regiment in 
each of the other two presidencies, was constantly sick 
Taking the years 1860, 1861, and 1862, as probably giving us more trust- 
worthy numbers than earlier periods, wo find the following to be the chief 
causes of admissions. 


Queen's Troops {Annual Admissions per 1000 of Strength), 


Diseases. 

Bengal. 

Bombay. 

Madras. 

1860, 

1861. 

1862. 


1861. 

1862. 


1861. 

1862. 

Paroxysmal fevers, . . 

476*2 

463*2 

603*7 


471-2 

635*6 


127*5 

172 

Continued fevers, . . 

251*6 


157 


138*9 

104*6 

131*4 

116*2 

48 

Dysentery and diarrhoea, 
Cholera, 

209*4 

22*5 

78-9 

38 

153*9 

13*2 

178*3 

15*9 

169*4 

5*4 

133*9 

6*6 

186 

7*6 

147*5 

6-6 

136-7 

7 

Acute hepatitis, . . . 

41*9 


28*1 

24*8 


61*6 

38-1 

40*6 

39*3 

Chronic hepatitis, . . 

27-8 

> oa*i 

20 

26*9 

^y*4 

0 

33-2 

18*2 

16*9 

Tubercular (phthisis V 
and haemoptysis}, . j 

12 

11*5 

7*8 

9 

10*5 

6*4 

18 

16*3 

9*9 

Bronchitis (acute and ) 
chronic), . , . . / 

60*5 

43*1 

35 

53*4 

47*5 

34*4 

46*9 

24*6 

36*2 

Pneumonia, .... 

3*51 

4*1 

2*4 

2*1 

1*7 

1*6 

1*1 

2*7 

1*3 

Pleurisy, 

3*7 

mSi 

3*1 

2*8 


1*9 

3*3 

2*7 

1*8 

Digestive (not dysenteric), 

154 

136*4 

128*9 

147 

110*1 

129*3 

124 

123*6 

120*7 

Enthetio (vener^), . . 

354 


307*7 

314 

342*6 


249 

259*6 

294*2 


81-3 


66*5 i 

40*2 

69 


61*7 

29*8 


74*1 

77*2 

71*5! 

61*2 


Biiiil 

58*1 

69 

68*7 

Integuments^, . • . 

117 

BB 

m 

113 

104*6 

102*4 

102 

104*5 

103*3 


This table gives a view of the chief causes of admissions during the last 
three years of which we have the returns, and it is probable that the diagnoses 
are more certain than in the table of any former years. 
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It di0WB that the diseases of England, pneumonia, bronchitis, pleurisy, &c. 
are by no means rare in India, and inde^ 1 feel pretty sure a more accurate 
diagnosis will raise the figure. But the chief causes of admissions are par- 
oxysmal fevers, « continued fevers,” dysentery, digestive diseases (exclusive 
of hepatitis and dysentery), venereal, integumentary diseases, and rheumatism. 
Hepatitis causes few admissions, but much loss of service. Cholera gives few 
adimssions, but a great mortality. 

Tubemulosis is by no means absent, and gives, in &ct, more admissions 
than in the West Indies. 

With regard to the prevention of these several diseases, enough has been 
said in the chapter on &e Prevention of Disease, and in the present section. 
There is no doubt that much may be done, and probably the sickness and 
mortality will be reduced, if hill stations are used to the same ratio as in the 
West Indies. 

It is most satisfactory to find that the sickness and mortality are both 
rapidly falling, owing to the energetic means now being adopted by the 
Gk)vemment, and to the increased sanitary powers and improved curative 
means of the medical officers. 

The prevalence of venereal disease demands as much attention in India as 
in England, but the preventive measures will be much easier. Police regula- 
tions and proper surveillance will be more readily enforced, and a larger num- 
ber of men can be permitted to many. At present twelve men per company 
are allowed to marry, and it has been supposed by mihtary officers that 26 
per cent, could be so allowed. This is much to be desired ; but if it be done, 
the Gk)vemment must face certain results ; proper quarters must be provided, 
and places for disposal of the women in times of service. It is also very 
desirable, for married men, not to move regiments too frequently ; and if the 
plan of giving a regiment two years’ service in the hiUs and one on the plains 
be adopted, it will put the married people to great expense. Probably it will 
be found that a longer lull service can be given without injury. 

Another result can be foreseen ; if the term of Indian service be shortened to 
ten years, it will be a great inconvenience to the married men to return home, 
and it is quite clear that a very great number of them will constantly volunteer 
to remain. This is indeed, perhaps, desirable, as keeping steady married men 
who know the sort of life in India ; but it is not the result contemplated by 
the plan of frequent reliefs. 

Arrival m India, 

The proper time for arrival is at the end of October or beginning of 
November. It appears to be an almost invariable rule that soldiers on dis- 
embarkation in India show a large sick list during the first three or four 
months. They frequently land in robust health ; they have been well fed 
during the voyage, and have had little exercise, and are often, indeed, too 
plethoric. The excitement of landing, the new scenes, the welcome, and too 
great hoq)itality of comrades, the exercise under unusual conditions of heat, 
the alters die^ all act un&vouxably, and their own excesses add to the evil 
As they usually land at the Presidencies, they are at once exposed to the in- 
fluences of these towns, and may sufier very soon from cholera or malarious 
fever. In addition to what has been advised elsewhere (p. 684), it is of great 
importance to fully cany out a measure already commenced by Govern- 
ment,* viz., not to keep &e men longer than al^lutely necessary at the Pre- 

^ * ^«*ps^ly by file Bengal Ooranmieiit atoce 1856; the men are aent on arrival to Dnm- 
Dwn or Chtnaiinui, and are then aent to the north-weat aa aoon aa oonveyanoe oan be found* 
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sidencieB (not for a day if poesible), but to move them inland. If it were 
made a nue to send every £^h corps at once to the hills for two years after 
landing, it would probably be the means of saving many lives. One difficulty 
is that the best hiU stations are a long way from the sea-ports, but the rail- 
ways have somewhat lessened that objection. 

The advantages of the hills are, not merely the avoidance of miJaria, and 
the excessive high temperature of sea-level or inland plains, but the fact that 
exercise can be taken ^ly in a temperature not very different from England. 
Would it not be possible to use the fine station of Newera Ellia or Horton in 
Ceylon as a station of transit for Bengal 1 Madras can use the table-land of 
the Deccan or the Neilgheny Hills, and Bombay has its stations on the 
Ghauts. 

One more point will require attention in India, and that is the health of 
the women and children. There has always been a very large mortality of 
children, and at certain stations of women. For them the transference to the 
hills is the most important preventive measure, and probably nothing else 
will do more than slightly lessen the great yearly loss of children. 

SECTION IX. 

CHINA. 

Hono-Kono. 

Although the English have occupied Canton, Tientsin in the north, and 
several other places, yet, as their occupation has been only temporary, it 
seems imnecessary to describe any other station than Hong-Kong. 

Garrison of Hong-Kong about 1000 to 1500, but differing considerably 
according to the state of affairs in China. 

The island is 27 miles in circumference, 10 long, and 8 broad at its widest 
part. 

Geology , — ^The hills are for the most part of granite and syenite, more or 
less weathered. In some parts it is disintegrated to a great extent, and 
Q^ayey beds (laterite) are formed, In which granite boulders may be embedded. 
Victoria, the chief town, stands on this disintegrated granite. As in all 
other cases, this weathered and clayey granite is said to 1^ very absorbent of 
water, and, especially in the wet season, is considered very unhealthy. 

Climate , — ^Mean annual temperature 73® Eahr. ; hottest month (July), 
86®*26 ; cnldest month (January), 52®-75 ; amplitude of the yearly fluctu- 
ations, 33®*5. 

The humidity is considerable, about ten grains in a cubic foot of air in July, 
and four in January. 

The N.E. monsoon blows from November to April ; it is cold, dry, and is 
usually considered healthy and bracing ; but if persons who have suffered 
from malaria are much exposed to it, it reinduces the paroxysm. The S.W. 
monsoon blows from May to October; it is hot and damp, and is considered 
enervating and relaxing. The difference in the thermometer between the two 
monsoons has been said to be as much as 46®, but this seems excessiva 

The rainfiJl is about 90 inches with the S.W, monsoon. 

In addition to Victoria, there are .two or three other stations which have 
been occupied as sanitaria, via., Stanley, seated on a peninsula on the so^ 
end of the island, and about 100 feet above the sea; and Sarivan, 6 miles 
east of Victoria. Neither station seems to have answered ; the barracks are 
very bad at Stimley, and are exposed too much to the N.E monsoon, which, 
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at eerbibx times, is cold end wintiy ; during the &W. monsoon it is healthy. 
Sarivan has always been unhealthy, probably fiK>m the neighbourhood of rice 
fields. Since the close of the last war a portion of the mainland, Gowloon, 
oi^site Victoria, has been ceded, and will probably be occupied by troops. 

Mong-Kong has never, it is said, been consider^ healthy by the Chinese. 
The chief causes of nnhealtbineafl appear to be the moist laterite and weathered 
granite, and the numerous rice fields. Indeed, to the latter cause is ascribed 
by some (Smart)* the great unhealthiness, especially when the rice fields are 
drying in October, November, and December. 

Lo^l causes of unhealthiness existed till very lately in Victoria. In build- 
ing the barracks the felspar clay was too much cut into, and, in addition, the 
access of air was impeded by the proximity of the hills. The S.W. monsoon 
was entirely shut out. Till lately sewerage was very defective. 

Owing probably to these climatic and local causes, for many years after its 
occupation in 1842, Hong-Kong was excessively unhealthy, Mcdarious fevers 
were extremely common, and not only so, but it is now known that typhoid 
fever has always prevailed there (Becher and Smart). Dysentery has been 
extremely severe, and has assumed the peculiar form of lientery. This was 
noticed in the first China war, and appears, more or less, to have con- 
tinued since. In addition to these dishes, phthisis appears to have been 
frequent. 

There have been of late years such frequent wars in China, that the exact 
amount of sickness and mortality, due to the climate of Hong-Kong, cannot 
be well determined. But it is certainly becoming much he^thier than in 
former years, owing to the gradual improvement in sanitary matters which 
goes on from year to year. 

In the Statistical Eeports, the troops serving in Hong-Kong, Cowloon, 
Canton, and Shanghai are classed together, so that the influence of Hong- 
Kong se cannot be known. 

In the years 1859-62, which include years of war, the admissions in South 
China averaged 2340, and the deaths 35*49, or, exclusive of violent deaths, 
33*35 per 1000 of strength, and there was in addition a large invaliding. In 
the last-named year (1862) the admissions were 1781, and the deaths (acci- 
dents excluded) 23*7 per 1000 of stren^h, * • 

It is probable, therefore, that the sanitary measures now being carried out 
are bear^ their fruits. 

SECTION X. 

AUSTRALIA AND NEW ZEALAND. 

Australia . — It seems unnecessary to describe the climate of Australia. 
The number of troops stationed in Australia (New South Wales, Victoria, 
Adelaide, and Western Australia) and Tasmania^ is now small ; in 1862 it 
averaged only 1000 for all the stations. During the years 1859-62 there 
were in Australia and Tasmania 726 admissions and 15*51, or, without violent 
deaths, 14*03 deaths per 1000. 

These countries at present are known to be very healthy ; this arises in 
part from the absence or great infrequency of malaria ; the exanthemata also 
ate less common and virulent, and phthisis among the civilians is supposed to 
be infrequent. 

* '^TtanaaeUcfDSQf tbeEpid. Soc./Tol.ii Thhpaper sfiouldbe ooiuultedforaaexosllent 
Mocont of Hong-Kong, and of the diaaaaa s among aaUora etpedaUy. 
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Among the troops the chief admissions in 1862 were, in the order of fre- 
quency — 

Contusio, . 68 per 1000 Influenza, 29 per 1000 

Gonorrhoea, . 67 „ Drunkenness, . 26 „ 

Eheumatic, . 49 „ Dyspepsia, . 24 „ 

Diarrhoea, . 37 „ Phthisis, . . 20 „ 

Phlegmon, . 32 „ Abscesses, 16 ,, 

and other smaller items, no disease being of any gravity. 

It only requires a glance at these figures to show, not only the healthiness 
of Australia, but that a little individual management and good conduct would 
remove much of this sickness. There is oiily one formidable entry, viz., 20 
cases of phthisis. Of 17 deaths from disease in 1662, phthisis caused 7, or 41 
per cent., of the total deaths from disease. In 1861 it caused 13*2 admissions, 
and 1*1 death per 1000. In 1862 it caused 8*3 admissions, and 3*7 deatlis 
per 1000 ; the average of the three years being 3*7 per 1000 living, exclusive 
of invaliding. In 1862, 46 per 1000 were recommended for discharge, and 
of these 7 were tuberculous, so that in that year there was a loss from phthisis, 
per 1000 of strength, — by death, 7 ; by invaliding, 7 ; total, 14. This is 
nearly as much as at home, and so far does not seem to bear the general im- 
pression of the absence of phthisis. The number of years of observation is, 
however, small ; and the number of cases in 1862 was evidently unusual. 

New Zealand , — The frequent wars in New Zealand render it rather difficult 
to judge of the effect of the colony on the health of the troops. It has always 
been considered healthy. In the years 1859-62, there were (men killed in 
action and other violent deaths being deducted) only 595 admissions and 7*41 
deaths per 1000 of strength. In 1862, one regiment (65th) had only 4*78 
deaths per 1000 from all causes, an almost unexampled degree of health. 

Tubercular diseases cause a mortality of 2 per 1000, including the deaths of 
invalids on the passage home. 

Among the diseases causing admissions, ophthalmia, bronchitis acuta, 
phlegmon, and abscess, diarrhoea, acute and chronic rheumatism, and “ con- 
tinued fever,” give the greatest number of admissions. The latter is probably 
la, as in 1862, among 114 cases, there was not a single death. 
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CHAPTER IV. 

' SERVICE ON BOARD SHIP.# 

Service on board ship must be divided into three sections, corresponding to 
those different kinds of service. 

1. Transport ships, for the conveyance of healthy soldiers, their wives 
and children, from place to place, or conveying small parties of troops in 
charge of convicts. 

2. Transports for conveyance of sick from an army in the field to an hospital 
in rear, or from a foreign station to a sanitarium, or home. Although the 
term is a little odd, it is convenient to call these ships Sick Transports. 

3. Hospital ships, intended for the reception and treatment of the sick. 


SECTION 1. 


TRANSPORTS FOR HEALTHY TROOPS. 


At present Government employs a few steam vessels of its own which conv^ 
troops, but the greater part of the transport is carried on by vessels hired to 
the time. This plan has been much objected to, and as strongly defended. 
The plan by Government transports is said to be cheaper, and to have the 
advantage of vessels specially prepared for the service. Considering the great 
and constant transport which is now necessary, it is difficult to believe that 
this plan would not be better in all way8.t At present, however, merchant 
ships which happen to be disengaged are hired for the voyage. They are 
inspected by Government officers, and such alterations as are necessary are 
made in them. Before troops are permitted to embark, they ai'e carefully 
inspected by the principal medical officer and the medical officer in charge. 


* In writing this chapter, I have made use of Dr Wilson’s work on ^'Transports/' and of Dr 
Kirwan’s “ Deapatdi of Troops by Sea." I have also had the advantage of reading a lecture 
given by Dr Fyne at the Army Medical School, and a MS. essay on Transfiorts, by Dr Davidson 
of the Army Medicid School. I have also been allowed to read some sets of regmations for the 
management of troops at sea, drawn up by officers in command for their own use, and must 
especiallv refer to one excellent set of rules drawn up by Major Macpherson, 24th Regiment 
t Ck>ii]d not some of the old wooden ships, now useless and rotting in the Medway or ol^er 
ports, be used for this purpose. Their crews neing men-of-war sailors, would add to the strength 
of the navy, and in time of war, when transports would be less wanted, might return to ue 
armed men of war. The great advantages which would result from the use of Government 
teansports have been very well and forcibly put by Dr Kirwan (see " Despatch of Ttoom by 
Sea,’^pages 6-12). * 
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and any man with any disease which may prove injurious during the voyage 
is kept back. Every man is supposed to embark in perfect health (** Queen’s 
Eegulations .” — EmharlcaUofii of Troops.) 

Begulatiom for Transports. 

At page 84 of the “ Medical Regulations,” the principal medical officer at 
the port of embarkation is ordered to inspect the ship, and to ascertain the 
tonnage per man ;* the height between decks ; the cubic space, superficial 
area, and means of ventilation ; the cleanliness of the ship, bilge, and water- 
closets ; that there is sufficient chloride of zinc, and a fumigating apparatus on 
board ; that stoves are provided ; that cots, bedding, utensils, and cooking 
arrangements are sufficient ; and that the stoves, water, and medical comforts 
are good and sufficient. 

In the Queen’s Regulations (p. 319, et seq., of the pocket edition) the 
“ Duties on Board Ship” are very explicitly stated. This chapter should be 
very carefully read over, and constantly referred to. As it would be impos- 
sible to put in these long directions here, I shall assume that every officer 
thoroughly knows these regulations. A scheme of diet is ordered (p. 331, 
pocket edition,t also Medical Regulations, p. 200, for India), additional 
clothing is given, viz., a canvas tunic or blouse. 

Inspection of Transports at the Port of Emhcirkation . — The Assistant- 
Quaitennaster-General and the lhincij)al Medical Officer make an inspection 
of all hired transports, as already stated. It is of importance that the medical 
officer who is to be in charge of the troops shoidd be present, and this should 
be ordered whenever it can be done ; occasionally, however, the medical officer 
may be with his regiment, and does not see the ship till the men are actually 
embarking. 

The inspection of the ship should be conducted like that of a barrack. A 
ship is, in fact, a floating barrack. 

1. Amount of Space . — The measurements on board ship are not always 
easy, but by attention to the rules at page 125, the various irregular spaces 
will be determined. No special amount of superficial or cubic space is ordered ; 
^is is determined by the tonnage (1 man to 2*7 tons), but this plan is not a 

one. The loftier the space between decks and the greater the cubic space 
the better. 

2. Ventilation . — Most hired transports have no means of ventilation except 
opposite ports (which are often obliged to be closed), hatches, and windsails. 
Windsails are large tubes made of sailcloth closed above, but having on one 
side a large open mouth or slit. The windsail is tied to a yard or rope, the 
upper part being some 4 or 6 feet above the deck, and the lower open end 
passing down bi^tween decks. The open mouth is turned towards the 
wind which then blows down the tube. A great deal of air enters in this 
way, but it is often badly distributed. The best plan is to close the lower 
end and to have several lateral openings at different heights (Davidson), and 
in all directions ; it would be well, also, to have the upjier of these lateral 
openings rather smaller than the lower, as the wind will blow more forcibly 
through the upper holes. Another very good plan is to make the windsaU 
long enough to be carried some way between decks, and not merely, as usual, 
open at the bottom of the hatches ; openings can then be made at intervals 


♦ The Queen’s Regulations order 270 tons (new measurement) for 100 men. 
t 1 believe it is^not unlikely that some idteration may be made soon in the diet of troops at 
sea, especially of those bouna to India. I have therefbre not made any remarks on the diet 
sca1(i!S given in the Queen’s and Medical Regulations (p. 831 aad p. 200 respectively). 

2 O 2 
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in it Any curves in a windsail should be large, so as to avoid choking, or 
the calibre should be held open with hoops at this point. The air should be 
let in near the lower deck, and as far as possible from the outlets. 

If a ship has open stem ports, this is a great advantage, but generally there 
axe cabins, or cargo, which block the sten^ ports from the between-deck. 

Hatches are always very uncertain means of ventilation; they are also 
obliged to be closed during stormy weather, in fact, at the time when most of 
the men are below, and when the ventilation is worst. In bad weather. Dr 
Davidson suggests the following arrangement : — Suspend a spar a few feet 
above the main hatch, and let a tarpaulin fold over it like a tent ; this can 
often be kept open at one side, or at both for a time, and closed at once if 
necessary. In very severe weather, of course, this will not answer. In the 
smaller hatches a frame of wood or rope can easily be arranged, which the 
tarpaulin can cover. 

But with all the ventilation between decks is never good with hatches 
and windsails merely, when the ports are closed. Let any one visit a troop- 
ship about three hours after the men are in bed, or even a man-of-war : the air 
is excessively foetid, extremely hot, the temperature above the men’s heads 
being sometimes, it is said, 6° or 8® higher than below ; and those who go in 
from the pure air can hardly bear the odour.* The movement of air is ex- 
tremely small when the ports are closed. At the hatches the hot air gets 
sudde^y cooled, and its ascent is checked. Usually, however, a double 
current is established in the hatchway, but this is not nearly sufficient. 

Other plans must be adopted. Dr Edmonds’ plan of ventiktion is now 
used in all the emigrant ships, and is being adopted in the Eoyal Navy. . In 
the case of a steamer, the space roimd the funnel is encased, and serves as an 
outlet, or the funnel itself is used ; the spaces between the timbers and between- 
decks are all brought into connection, and the air is led from them by shafts to 
the central outlet shaft By this plan the bilge and hold, as well as the between- 
decks, ore purified (see page 113). If the vessel be not a steamer, there is a 
stem or central shaft, up which there is, I believe, always a good current 

One argument for Government transports is the possibility of having a good 
system of this kind ready arranged. 

If the hired transport is not thus ventilated, tubes must be arrangedjg^ 
different points leading to the between-decks. Sometimes two tubes (^e 
at each side) have been placed at the fore and two at the after part of the 
ship ; according to the wind, two are outlets and two inlets ; there may be a 
strong current, but the respired air in this way is obliged to pass over a num- 
ber of persQns. It would seem better to fix several tubes along the sides or 
centre, to cover them with cowls turning to or from the wind, so as thus to 
have a certain number of inlets and outlets. If it can 1 k 3 done, a narrow 
central opening along jmrt of the deck, with a low plank at either side to 
keep out water, and covered by a louvre, is a very good plan, and is a very 
efficient outlet. 

M^Kinnell’s double tube has been used and well reported upon by some ; 
by others it has not been found so iisefuL It seems, in fact, better to make use 
of the wind, on which we can always depend. The hold should be ventilated 
with tubes as well as the between-decks. If there be cargo, this is very 
important. 

The exact size and number of the tubes has not yet been experimentally 
determined ; probably, as there is a good deal of wind, these need not be so 

^ The effect of thie bad ventilation on the Bailors of the Royal and Ifercbant Services It very 
serious. See especially Gavin Milroy's paper before referred to. 
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laige as in houses on shore, but it is always best to have plenty of them. If 
necessary, some can be closed. Perhaps a tube of eight inches diameter would 
do for ten persons, giving five inches to each for inlet and outlet. Of course, 
hatches, windsails, ports, and tubes should all be in action at the same time. 

Tubes running to and feeding the fires (Sutton’s plan) can be used. (See 
page 117.) 

Amott’s pump (page 121) is said to be a most useful plan ; the ends of 
the pump, where the fresh air is to flow in, are connected by canvas tubes 
with the open air, and the discharge outlets axe left open, or, if desired, can 
be connected with a canvas or wooden tube, so that the air may be sent to 
some distance. But care should be taken not to increase friction. Amott’s 
pump may be made double, with vertical pistons working on the plank form- 
ing Ae junction of the double pump ; if properly made, a child can work the 
suspended double piston. Other machines of a like kind have been used. 

Sometimes propelling and extracting fans or screws are connected with the 
steam-engine, and air is drawn out or blown in. 

Cabins should be ventilated by tubes passing up and opening on deck ; 
they should be recurved, so as to prevent rain or water splashing in. If the 
cabin lamp is fixed below the opening, a strong current is obtained. 

3. Water supply , — The tanks should be carefully examined, the quantity 
determined, and the quality examined. (See chapter on Water.) If there 
be a distilling apparatus, this should bo examined. In a sailing vessel, small 
stills should be fixed to the top of the ship’s coppers. 

Permanganate of potash should always be taken to sea, as well as charcoal 
and alum. 

4. The food is inspected as follows : — A cask of salt-beef and pork is opened, 
and the pieces looked at (see page 161). One or two tins of preserved meat 
are opened ; samples of flour, porter, &c., medical comforts, such as beef-tea, 
arrowroot, &c., are examined. The rules have been alr^dy given in the 
chapter on Food. It is important to take time in this examination; not to slur 
it over, and especially to test the lemon-juice carefully. If there are many 
children on board, large stores of arrowroot, preserved milk, and children’s 
farinaceous food, should be laid in.* The cooking apparatus should be next 
examined, and it should be seen that there are proper means for removing all 
refuse, wliich is often allowed to accumulate. For the proportion of medical 
comforts, lemon-juice, and sugar, and for the rules of diet, &c., see Medical 
Regulations, pages 199-200 ; and for the mess and other articles to be provided 
for the troops, see page 202. 

5. The state of the hold, spaces between bunkers, bilge, and cargo, if any, 
should be next seen to ; chloride of zinc should be taken to mix with the 
bilge water. 

6. Arraiigements for Washiny , — These are generally very defective on board 
hired transports ; on board Government transports, a lavatory might easily be 
fitted up. A good forcing pump and hose should always be on board, for 
getting up salt water. At present, in most merchant transports, the arrange- 
ments for *all, these things ore most primitive .and incomplete. The bucket is 
still perhaps the only way of getting up water, both from the water-tanks or 
sea. 


* In several cases in which there ftccurrec^^a large mortality of children, during voyages, &c;, 
in wliich the symntonis are recorded, It will be found that gastro-intestinal affections and tabes 
were the causes oi the sickness and mortality. The mesenteric glands are evidently iiuured by 
the passage through the glands of half-digested and unwholesome food. The kind of food and 
cooking on ship board generally account for the sickness of children, if the exanthemata are not 
present. 



582 


SEHVXCfi 0 ^ BOARD SHIP. 


7. The closets are tisudily fixed on either side, in front of the forehatchways 
or in the head. If women are on board, one should be kept for them and for 
the children. The opening should be just below the water-line. It has been 
suggested to have a double set of latrines, and only to use those on the lee- 
w^ side (Kirwan). This seems a good suggestion. Considering that eve^- 
thing passes into the sea, it might 1^ supposed that nothing would be easier 
than to keep the closets and h^ clean, but this is not the case, owing to the 
usual deficiency of water ; it is usually considered sufficient to haul up the 
water in buckets and to pour it down ; instead of this, force pumps should be 
u^ ; they can be so made as to be worked most easily, and with a proper dis- 
tribution of the water all round the rim of the seat, the places can be kept 
quite clean. The closets and shafts are often made of wood, but wood gets 
excessively foul ; they must be of zinc. Sometimes the soil is allowed to fall 
against the side of the ship, wliich soon gets impregnated, and if a port- 
hole is near, foul air drifts in. A metal plate should lie against the side, and 
be ^raped every now and then, or if tli^ cannot be done, a piece of wood, 
which should be cleaned from time to time. 

7. The medicine chest is next examined (see Medical Regulations, pages 

205 - 214 ). b , 


Duties during tJie Voyage, 

^ The health and comfort of the troops during the voyage depend entirely on 
the commanding officer and the medical officer.* 

The Queen*s Regulations are so full and clear, that to a certain extent the 
work must be done in a particular way. These regulations must bo followed 
to the letter. But, of course, there should be a certain system and order in 
carrying out both the word and spirit of these regulations. The system 
usually adopted is something of this kind. Before embarkation the men are 
told off in messes of six, and the various articles of the sea-kit are allotted. 
Whenever practicable, troops should be on board 36 hours before sailing ; 
their berths are allotted and packs hung up ; arms put in the racks ; searkit 
arranged, &c. Troops are then told off, three watches each, commanded by a 
subaltern, who is in charge of the deck ; a guard of a certain strength is 
ordered, and sentries are placed over the hatchways, cook-houses, forecastle, &c. 
A certain number of men are told off as cooks, and others (one to each mess) 
as swabbers. A portion of the between-decks is fixed as an hospital if this 
has not been done ; a portion is assigned to the women and children, and 
screened off. At reveillfee, troops and women and children turn out, fold 
hammocks, and take them on dock, if the weather permit; the hammocks are 
stowed away by the swabbers till evening. Before, however, the bedding is 
brought up, the upper deck is washed by the watch. The men remain on deck, 
except the swabb^, who clean the between-decks, thoroughly ventilate, &c. 
Directly they are on deck, the washing of the men begins ; two large tubs 
are fixed on the forecastle ; in many ships the men get buckets of water 
thrown over them, and if one or two good force pumps and hose are on 
l>oard, every man could be douched. The men wash, comb, and brush their 
heads every morning. After washing, the men parade for inspection by a 
seijeant, who sees that the hands, arms, face, and feet are clean. The men’s 


* Uy Smt service in the army, as a younv aasistant-aurgeon jtiet gazetted, was starting ftom 
pwesend with troops to India. Never did a man set offln more perfect ignoranoe of w^t he 
had to do. Happily, we had an exceUent commanding officer who had made many voyittes, 
and the next in command (now a most distinguished officer) was a thorough soldier, f ean truly 
say my first sanitary lessons were learned from them. 
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breakfasts are then served ; after breakfast is cleared away, parade and drills ; 
according to circumstances, fatigue duties. Twice a>week there are washing 
parades for clothes ; the washing should be done early, and the clothes hung 
up to dry. A soldier is expected to shave and to have a clean shirt twice a- 
week at least (Queen’s Begi^tions, clause 19). 

If the troops ore very numerotis, it may be necessary to divide them into two 
or more sets for washing both persons and clothes, and to have different days. 
If there are women and children on board, one day is set apart for their 
thorough bathing, a screen being put up on deck. For washing, a certain 
quantity of marine soap is issued, but it is said to be insuihcient. Dr 
Kirwan states that 8lb per head for a voyage of four months is the proper 
quantity. During the day the troops are encouraged to take exercise and 
amusements. The men bathe when there is no danger of sharks, a sail being 
let down for those who cannot swim. At night two watches go below, one 
watch remains on deck. The men are strictly forbidden to sleep on deck 
(Queen’s Regulations, para. 41 of the chapter on Duties on Board Ship). 

There are one or two points which must be noticed. The turning out of 
the women and children is essential, but it should not be done till ^ter the 
men have washed : about 9 o’clock is a good time. Especially during the first 
few days after starting, when the women are sea-sick, the medical officer is 
often implored to speak to the officer in command to permit them to remain 
below. But it is always better to get them up, even for their own good, and 
this should be explained to them. Without necessity, therefore, from decided 
illness, the medical officer should refuse the request. 

The swabbing between decks is done by scraping, rubbing, and sweeping ; 
not by washing, unless the weather is dry, and then onljr once a-week. This 
is a very important rule ; in fact, it would be well to avoid washing altogether, 
except in the very heat of the tropics. If there are berths the lower boards 
should be removed now and then, so that every place may be cleaned. 

The watch remain on deck at night, but do not sleep ; although, of course, 
they have no duties to keep them awake. They are relieved every four hours. 
This is the only clause in the Queen’s Regulations,* of which I greatly doubt 
the propriety. There is no harm in sleeping on deck when the weather 
permits, but, on the contrary, the greatest good. I paid particular attention to 
this point in India, and never found any man injured ; there may be heavy 
dew, but a blanket keeps this off completely, and it does no harm. The pure 
sea air is infinitely better than the hot foul atmosphere between decks. I 
have made many inquiries from friends who have had far more experience 
lately of troops at sea tliaii I have, and I have found they all approved of the 
men sleeping on deck when the weather permits. It is much to be wished 
tliat the reason for this order should bo again investigated. 

Again, under the present system, the watch in the pure night air are sud- 
denly sent below into the stifling atmosphere, and the relief watch are trans- 
ferred from below to the colder moving air on deck ; the transition in either 
case has its dangers. 

The rule shoidd be to allow, in the fine warm weather, every man to sleep 
on deck if he pleases, as long as the working of the ship is not interfered 
witL In the trades, where sometimes a roj^e is not touched for hours, the 
decks might be crowded. It would be well to leave tliis matter to the 
discretion of the commanding officer ^and surgeon, 

* Clause 41.— Officers to pay the strictest attention to prevent the men sleeping on deck in 
warm weather, which they ai« very apt to do. This practice is gener^y productive of fevers 
and fluxes.** I cannot think there is a moment’s doubt of the entire incorrectness of the last 

sentence. 
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The issue of lemon juice is commenced 10 days after the men have been 
at sea. A serjeant sees that each man drinks his share. 

I^Ues of ^ Medical Officer . — ^As on shore, he is charged to look a^r 
every point connected vrith the health of the men, and to mention such points 
as are necessary to the commanding officer. On board ship, as everywhere, 
the medical officer is under the orders of the commanding officer, but sensible 
suggestions are always welcome. 

On first going on board, the medical officer should see that the hospital or 
“sick-bay” is properly arranged. The best place for the sick-bay is the 
best ventilated palk, where there is not too much passage. If near the 
hatchways, there is no quiet. Ventilating tubes, &c., should be put in. 
A closet must always be provided, discharging into the sea, as well as patent 
close-stools. 

Then the kit of medical comforts, medicines, and instruments, should be 
gone over, and everything placed in order. 

The daily duties are these ; — ^attendance at the sick-bay; reception of sick; 
preparation of morning state for the commanding officer. 

Attendance at morning parade (Queen’s Beguktions, clause 44), to observe 
any appearance of disease. 

Also, for the first three weeks, health inspections should be held for the detec- 
tion of venereal. It is best to hold two the first week ; one three days 
after starting, so as to catch the disease at its very commencement. 

For the first fortnight, every child should be seen daily, to detect the first 
sign of scarlet fever, measles, or hooping-cough. 

After the parades, the between-decks should be visited. By that time they 
will have been swabbed out. They should be carefully inspected and 
occasionally fumigate with nitrous acid and chlorine * (see page 80). 

In the sick-bay, if there are many , patients, chlorine should be continually 
disengaged by means of the chlorine water. The bedding should be oc- 
casionally inspected ; especially that of the women and children. 

The rations should be looked at from time to time ; they are always in- 
spected by the orderly officer, and the medical officer is sure to be referred 
to if there is any complaiut. 

Inspect the latrines and the cook-houses regularly twice daily, — morning 
and evening. 

Take care that the bilge-water is pumped out whenever practicable ; every 
day should be the rule. 

If any specific disease appears on board, the most active measures must be 
taken to fi^gate, isolate, &c. (see chapter on the Prevention of Diseases). 

If diarrhoea appear, look to the water first, then to the latrines, then to the 
bilge, then to food, as the possible causes. Take special core to cleanse 
the latrines, as the disease may be commimicable. 

With regard especially to salt meat, see page 167 for the cooking of salt 
meat, and for the possibility of converting it into ftesh meat by dialysis. Almost 
any skin or membrane will do as a dialyser. 

In the cooking of the preserved vegetables, remember the use of the 
permanganate of potash, if there be any smell ; or, if there is none of the per- 
manganate, of chloride of lime. 

The administration of the lemon-juice should be carefully looked after. 
Every man should be seen to drink his allowance. 


* The Qaeen*e Regulations (dense 89) order for chlorine— common salt four ounces ; one 
ounce oside manganese ; sulphuric acid one fluid ounce (which is nearly two ounces by weight); 
water two fluid ounces ; the pipkin is to be placed in a vessel of hot Aad. 
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Duties on Disembarkation, 

Usually the men are landed in excellent health, but almost always there is 
a large amount of sickness the first month after landing. This arises from 
personal irregularities, and the medical officer, before arriving at the port, 
should spend some time in talking to the men, and pointing out the inevitable 
consequences of misconduct and foolish irregularity. Intemperance especially 
is the grand cause of disease.* The men on landmg are pl^ed in a position 
of temptation on account of the ill-judged hospitality and welcome of their 
comrades at the station, who think it necessary to show their pleasure at 
meeting by doing their best to make their friends ill. If a mescal officer 
has been attentive during a long voyage, he will be sure to have acquired 
much influence with the men by the time they arrive at their journey’s end. 
He should use this power for their good (see page 574). 


SECTION IL 

TRANSPORTS FOR SICK TROOPS. 

No specific regulations are laid down with respect to these ships, but it 
would be very desirable to have some set rules with respect to space, diet, 
and fittings. At present the diet, especially of invalids, is not good. The 
invalids from India landed at Netley show not infrequently, L)t Maclean 
informs us, symptoms *of scurvy. In respect of fittings, the use of swinging 
cots for feeble men, and weU-arranged closets for dysenteric cases, are veiy^ 
important. So also with the cookmg ; the coarse ship cooking is a great 
trial to many patients. If there is need of Government transports for healthy 
men, the necessity is still greater for sick m^n.* 

The general rules for transports are to be attended to here, with of course 
such relaxations and modifications as the state of the sick suggests. As far 
as possible, the sick should be treated on deck in fine weather, a good awning 
and a comfortable part of the deck beings appropriated to them. I believe 
that it would be a good plan not to send home sick officers and men in the 
same ship, but to have officer’s ships, so as to give up the poop to the men in 
the ships which carried them. This division would be a gain to both. 

In time of war, sick transports are largely used to carry troops to hospitals 
in rear. For this purpose good roomy steamers must be chosen. For 
economy’s sake, they will generally be large, and probably with two decks ; 
they should never have more, and indeed a single deck is better. But if with 
two decks, each space should be separately ventilated by tubes, so as, as far 
as possible, to prevent passage of foul air from the lower to the upper deck. 
All the worst cases sho^d be on the upper deck, especially surgical cases. 

The decks of these vessels should be as clear as possible, so that men can 
be treated on deck. An apparatus should be arranged for hoisting men on 
deck from below. 

It ^ been proposed to fit these ships with iron bedsteads, and no doubt 
this gives the men more space ; but a better plan still wotdd probably be to 

, , „ ■ - , ■ - 

• Fonnerly, when the late Dr Scott was out of town, I used to take his duties of Examining 
Physician to the East India Company. One of tliese duties was to read the journals of the 
medical officers returning with troops. In these journals the system of bringing home invalids 
was very firequently strongly commented on and condemned ; yet it has very liule improved, if 
at all, linoe those days. 
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have short iron rods, to which every cot could be suspended. The sick men 
might be carried in their cots on hosad^ and again removed. If the rods are 
made about 14 inches high, and bent in at the top so as to form a hook, a 
cot is hung easily, and swing. There is space enough below to put a 
close stool or pan under the man without stirring him, if a flap is left open in 
the canvas, and a hole left in the thin mattress. 

Fixed berths are not so good, but some must be provided. * Some cots can 
swing from the top, and some can be in hammocks. Probably every sick 
transport should have all these, viz., iron bedsteads at some points fastened 
to the deck, iron standards for swinging cots, cots swinging from the roof, 
low berths, and hammocks. 

In these sick transports the kits and clothes must be stowed away, and as 
they are often very dirty and offensive, and sometimes carry the poison of 
typhus and other (peases, the place where they are put should be constantly 
fumigated with nitrous and sulphurous acid alternately. 

Directly a sick transport has landed the sick, the whole place should be 
thoroughly washed and scraped, then the walls and ceiling should bo lime- 
washed, and the between decks constantly fumigated till the very moment 
when fresh sick embark. 


SECTION III. 

HOSPITAL SHIPS. 

These are ships intended for the reception and treatment of the sick, — float- 
ing hospitals, in short. Whenever operations are undertaken along a seaboard, 
and especially when a force is moving, and places for fixed hospitals cannot be 
assigned, they are indispensable. They at once relieve the army from a very 
heavy encumbrance, an^ by the jjrompt atten<hmce which can be given to the 
sick, save many lives. They should always be organised at the commence- 
ment of a campaign. 

However convenient, and indeed necessary, they are, it must be clearly 
understood that they are not equal to an hospital on shore. It is impossible 
to ventilate and clean them thoroughly. The space is small between decks. 
The wood gets impregnated with effluvia, and even sometimes the bilge is 
contaminate I have been informed by Dr Bocher, late pathologist in China, 
that even in the very best of the hospitals there used, it was quite clear that 
in every wound there was evidence of a slight gangrenous tendency. In fact, 
it is perhaps impossible to prevent this. 

The principle of separation should be carried out in these ships. One ship 
for wounded men, another for fevers, a third for mixed cases. In fine weather 
the sick should be treated on deck under awnings. The between-docks must 
be thoroughly ventilated, and all measures of fumigation, frequent lime- 
washing, &C., must be constantly employed. Charcoal, al^, in substance 
should be largely used, and is, in fact, quite indispensable. Warming by 
stoves must used in damp and cold weather, and, if so, advantage should 
be taken of this source of heat, and of all lights, to improve ventilation. 

Ships of one deck are better than two ; but as they vrill hold a very small 
numb^ of sick, two decks must be used. But not more thaa two decks 
should be used ; and if there be a third or orlop deck, it should be kept for 
stores. Sometimes, if there are two decks, the upper deck is used for ofAoers 
and the lower is for troops, but the reverse arrangement should be adopted. 

The ventilation of the between-decks, in addition to Edmond’s plan, should 
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be carried on by tubes, which, if the central shaft is acting, will be all inlets, 
and can be so arranged as to cause good distribution of the air. 

In an hospital ship the oEces are the same as in a land hospital ; ablution- 
room, surgery, purveyors store, bakehotise, laundry, pack-store. In the Army 
Medical fieport for 1869 is a description, with plans, of the hospital ships 
Mauritius and Melbourne, equipped by Dr Mapleton for service in China ; 
this paper should be referred to, as it gives a very'good account of the arrange- 
mentk 

The fittings of an hospital ship should be as few and simple as possible^ and 
invariably of iron. Tables should be small, and on thin iron legs. Swinging 
cots (as noticed in the former section) are indispensable for wounded men, and 
the appliances for the receiving and removing the excreta of dysenteric and 
febrile patients must be carefully attended to. Berths should not b^ of wood 
but of iron bars, which are much more easily laid bare and cleaned. 

The supply of distilled drinking water should bo as large as possible, and a 
good distilling apparatus should be on board, whether the vessel be a steamer 
or not. 

The laundry arrangements are most important, and I believe it would be a 
good plan to have a small ship converted entirely into a laundry. It would 
not only wash for the sick, but for the healthy men also. So also a separate 
ship for a bakery is an important point, so as to have no baking on board the 
hospital ship. 

On board the hospital ship there should be constant fumigation; lime- 
washing, whenever any part of the hospital can be cleaned for a day or two, 
and, in fact, every other precaution taken which can be thought of to make 
the floating hospital equally clean, diy, well aerated and pure, as an hospital on 
shore. 

On board hospital ships it is often easy to arrange for sea-bathing and 
douching ; it should never be forgotten what important curative means these 
are. 

In case pyaemia and erysipehis, or hospital gangrene occur, the cases must 
be treated on deck, no matter how bad the weather may be. Good awnings 
to protect fiom wind and i-ain can be put up. 

If cows or goats are kept on board to supi)ly milk, their stalls must be kept 
thoroughly cleaned. But generally it is bettor to obtain milk from the shore. 



CHAPTER V. 


WAE. 


The trade of the soldier is war. For war he is selected, maintained, and 
taught. As a force at the command of a government, the army is also an 
agent for maiutaming public order, but tliis is a minor object, and only 
occasionally called for, when the civil j^ower is incompetent. 

In theory, an army should Ijo so trained for war as to be ready to take the 
field at literally a moment’s notice. Tlie various parts composing it should be 
so organised that, almost as quickly as the telegram flies, they can be brought 
together at any point, prompt to commence those combined actions by which 
a body of men are moved, fed, clothed, kept supjdiod with munitions of war, 
maintained in health or cured if sick, and ready to undertake all the engineer- 
ing, mechanical, and strategical and tactical movements which constitute the 
art of war. 

That an organisation so perfect shall be carried out, it is necessary that all 
its parts shall be ec][ually efficient ; if one fails, the whole machine breaks 
down. The strength of a chain is the strength of its weakest link, and this 
may be said with equal truth of an army. Commissariat, transport, medical, 
and engineering appliances are as essential as the arts of tactics and strategy. 
It is a narrow and a dangerous view which sees in war merely the movements 
of the soldier, without recognising the less seen agencies which insure that 
the soldier shall be armed, fed, clothed, healthy, and vigorous. 

During peace, the soldier is trained for war. What is meant by training 
for war ? Kot merely that the soldier shall be taught to use his weapons 
with efiect, and to act his part in that machine, where something of mecl^ni- 
cal acgaracy^ is imprinted on human beings, but that he shall also know how 
to meet and individually cope with the various conditions of war, which differ 
so much from those of peace. 

It is in the nature of war to reinduce a sort of barbarism. The arts and 
appliances of peace, which tend, almost without our care, to shelter, and clothe, 
and feed us, disappear. The man reverts, in part to his pristine condition, 
and often must minister as he best may to his own wants. No doubt, the 
8tate will aid him in this ; but it is impossible to do so as completely as in 
peace. Often, indeed, an army in war has maintained itself in complete in- 
dependence of its bai^ of supplies, and in almost every campaign there is 
more or less of this independence of action. 

In peace, the soldier, as far as clothing, feeding, shelter, and cleanliness are 
concerned, is almost reduced to the condition of ai':|»a8sive agent. Everything 
is done for him, and all the appliance of science are brought into play to 



PKEPAEATION FOR WAR. 


589 


* 

save labour and to lessen cost. Is this the proper plan) Looking to the 
conditions of war, ought not a soldier to be considered in the light of an 
emigrant, who may suddenly be called upon to qtiit the appliances of civilised 
life, and who must depend on himself and his own powers for the means of 
comfort, and even subsistence) 

There is a general impression that the English soldier, when placed in un- 
accustomed circumstances, can do nothing for himself, and is helpless. If so, 
it is not the fault of the man, but of the system, which reduces him to such a 
state. That it is not the fault of the man is shown by the fact that, however 
helpless the English soldier may appear to be in the first campaign, he subse- 
quently becomes as clever in providing for himself as any man. llie Crimean 
war did not perhaps* last long enough to show this, but the Peninsular war 
proved it. The soldier there learned to cook, to house himself, to shelter him- 
self from the weather when he had no house, to keep himself clean, and to 
mend and make his clothes. Was it not the power of doing these things, as 
well as the mere knowledge of movements and arms, which made the Duke 
of Wellington say that his army could go anywhere and do anything ) And 
the wars at the Cape and in New Zealand have shown that the present race 
of soldiers, when removed from the appliances of civilised life, have not lost 
this power of adaptation. 

The English soldier is not helpless ; he is simply untrained in these 
things, and so long as he is untrained, however perfect he may be in drill 
and manoeuvre, he is not fit for war. The campaign itself must not be his 
tutor ; it must be in the mimic campaigns of peace, in which the stern 
realities of war are imitated, that the soldier must be trained. Our present 
field-days represent the very acme and culminating point of war ; the few 
bright moments when the long marches and the wearisome guards are 
rewarded by the wild excitement of battle ; but the more common conditions 
of the campaign ought also to find their parallel. Since the Crimean war, 
much has been done to instruct the soldier in the minor arts of war. The 
establishment of camps has to some extent familiarised him with tent life ; 
the flying columns wliich go out from Aldershot show him sometliing of the 
life of the bivouac, and the training in cooking which Lord Herbert ordered, 
is teaching him how to prepare his food. It requires only an extension of 
this system to make the soldier familiarised with the chief conditions of the 
life in campaigns. 

A campaign can never be successful unless the men are healthy. How are 
men to be trained so as to start in a campaign in a healthy condition, and to 
be able to bear the manifold trials of war ) Tlie answer may be given under 
three heads — 

1. Preparation for war during peace. 

2. Entry on war. 

3. Actual service in war. 


SECTION I. 

PREPARATION FOR WAR DURING PEACE. « 

The various conditions of war, which are different from those of peace, are — 
1. Expomre to the Weather , — It is* a constant observation that men who 
have led out-door lives are far more healthy in war than men whose occupa- 
tions have kept them in houses. The soldier's life should be therefore an out- 
door one. This can only be done properly by keeping him in tents during 
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the emimier. It would be well, in &ct, to tent the whole army from the 
middle of May to the end of October every year. The expense should be 
looked on as a necessary paH of the militaiy establishments. Wooden huts 
are too like ordinary barracks. As the soldier has often to sleep out in war, he 
should be accustomed to this also in peace ; warm summer nights bein^ first 
selected to train him. It will soon be found that he will very soon acquire 
the power of resistance to cold. This plan also will test the utility of his 
clothes.* It has been found by experiment that, by carefiil training, even 
delicate persons can bear sleeping out at night, even iti tolerably cold weather, 
without injury, provided there be no rain. At the latter end of the summer 
it would be well to expose the men even to rainy nights, their clothes being 
adapted for this by the supply of waterproofs. 

It may be thought that training of this kind is needless, and that it may 
be left to the campaign to accustom the men to exposure, but this is not the 
case ; a number of men are rendered inefficient at the commencement of a 
campaign simply by the unaccustomed exposure. 

2, Tent and Camp Life. — The pitching, striking, and cleansing of tents, 
(see page 292) ; the Egging trenches round the tents, and providing for general 
surface drainage * the arrangement of the interior of the tent, &c., should all 
be carefully taught. So also the camp life of the campaign should be closely 
imitated. A pl^e being taken up for the camp, and if there be any prevailing 
wmd, the front of the camp being turned to the wind, dry paths should be 
constructed between the different parts ; latrines shouhl be dug in rear of the 
stables, and not too near the kitchen, and m Mielon with the camp ; each 
latrine should be a trench 20 to 50 feet long, according to the size of the camp, 
ten deep and two wide at the top, and three at the bottom. The earth 
thrown out should be arranged on three sides. It should be screened by 
branches of trees, and earth should bo thrown in every day. When four feet 
from the surface, it should be filled in and another dug, the earth of the old 
one being raised like a mound to mark the spot. Close to it an urinal should 
be constructed, of a sloping channel paved as well as it can be, and leading 
into the latrines, or of a tub which can bo emptied into it, and as far as pos- 
sible men should be prevented from passing the urine round their tents. 

A corps of scavengers should be immediately organised to clean away all 
surface filth, and to attend to the latrines and minals. All refuse must be 
completely removed ; it is often a good plan to bum it. Both in peace and 
war, encamping ground should be often changed, and an old camp should 
never be occupied. (For erection of huts, see page 285.) 

In addition to tents, the men should be taught, if possible, to house them- 
selves. Huts of wattle should be run up, or wooden sheds of some kind. In 
war, men soon learn to house themselves. Luscombet gives the following 
account of the huts in the Peninsula : — 

A cork tree or evergreen oak with wide-spreading branches was chosen ; 
a lower branch was nearly cut through, so as to allow the extreme points to 
drop to the ground. Other branches were then cut from adjoining trees and 
fixed in a circle in the ground, through the branch, on which their upper 
branches rested. Smaller branches were then interwoven to thicken the walls, 
and t}|e inside was lined with the broom-plant, which was thatched in. The 

^ In reference to what was said (p. 864) of the great importance of a hood to the matcoat 
for men who sleep out at night, an old oDaervation of Donald Monro ie of intereat. He etatea 
that in 1760 the greater health enjoyed by the Austrian Huasatn over other troop^ was owing 
to the half-boota, and the huge cUmik 8 with hoods carried by these Tnen.--(bi the Meam efPre- 
aertmg the ffedUh of the Army. (2d edit. ITSCh P* 7.) 

t <m the Means of Preserving the Health of Soldiers, 1821, p. 107. 
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door of the hut was put due east, so that the sun mi^t pass over it before it 
reached the horizon.” 

This hut was very cool during the day, but veiry cold at night, and thus 
“ very prejudicial to healtli.” 

Underground huts are sometimes used ; they are, however, dangerous ; 
they are often damp, and are difficult of ventilation. In cold, dry countries, 
however, they are warm, and the Turks have constantly used them in cam- 
paigns in winter on the Danube. They have, however, frequently suffered 
from typhus. If used, there should be two openings besides the chimney, so 
as to allow a current of air ; and a spot should be chosen where it is least 
likely water will gravitate. ' But underground huts are always to be discouraged 
if any substitutes can be found. Sometimes the side of a hill is cut into, and 
the open top covered with boards and earth. This is as bad as an underground 
hut. 

Tents should not be placed in an excavation, but, if too cold, a waU of 
stones or earth should be built, and the tent placed on it. When sleeping 
out, the men should be taught to use every inequality of the ground as a pro- 
tection against cold winds ; it is astonishing what protection even a slight 
elevation gives. 

3. CooMng of Food , — ^No doubt, in future wars, all governments will en- 
deavour to supply prepared and cooked food (see page 213), so as to lessen 
the cost of transport and the labour of the soldier. But as this cannot always 
be depended upon, the soldier must be trained to cook his ordinary rations. 
Tliis should not bo done for him ; he ought to do it liimself merely with the 
appliances he would have in war, viz., his camp kettle, canteen, and tin plate. 

The camp kitchen is made simply of a round or square hole, sunk half a 
foot to a foot in the ground ; the fire is fed with air by a small channel cut in the 
ground for some little distance. Tliis channel should be covered in with turf 
or stones, and by proper management the draught to the fire can be increased 
or lessened ; if the fire itself be more or less covered with a stone, or tin plate, 
or turf, the fuel can be economised. Hie fire can be used for boiling, or for 
baking in the canteen ; the fire being then taken out, or the embers heaped 
round the sides, and the top closed or nearly so. If a camp is more perma- 
nent, Captain Grant’s plan (page 274) should be imitated, the central chimney 
being made of planks. But everything should be done by the men themselves. 

At the commencement of a campaign many men lose fiesh and strength 
from the food being badly cooked and indigestible. 

In the Peninsular war the men became admirable cooks. At first very 
large camp-kettles, intended for half a company, were used, and were carried 
on horses. They did not answer, and the men left them behind. After- 
wards smaller camp-kettles were supplied, one for each mess of six or eight. 
Luscombe mentions that the supply of salt was found to be a very important 
point ; he says, he had no idea of the value of this condiment till he saw the 
way in which the men saved every little particle ; without it, in fact, animal 
and even vegetable food is unsavoury. 

It may be a question whether the present canteen might not be improved ; 
it should not be soldered. No soldered articles do in war ; the solder melts, 
and cannot be replaced. Many years ago a very portable cooking tii^ was 
sold in shops in London ; it would hold a pint of water, which could be 
boiled by lighting a comparatively small piece of brown paper, placed in an 
outer casing, and slowly supplied with air. The objection to any articles of 
this kind is the weight. 

In the Crimea some camp stoves, invented or improved by Soyer, were 
used. Such things are very useful in camps of position, but are not idways 
forthcoming m rapid movements. 



692 


WAR. 


The diffiarent kinds of camp cooking to be taught are stewing, boiling, and 
making soup, making tea and coffee, cooking preserved vegetables, nSking 
cakes of flour, and oatmeal porridge. 

4. Water Supply , — ^As impure water is a great cause of sickness in war, 
Ihe soldier should be taught how to recognise impurity, and the simple 
methods of puiiflcation witii charcoal, alum, tea, boiling, &c. (See chapter 
on Water.) 

6. Mending Cloihea , — ^Every soldier carries a hold-all, but many cannot 
use it properly. It may be suggested whether, in the workshops which are 
now being established, it would not be well to let every recruit have a 
month’s practice in repairing clothes and especially boots ; simple plans of re- 
pair being selected if it be possible. 

6. Cleanlinese , — In war a source of disease is the want of cleanliness. Very 
soon the person and clothes get covered with lice ; all the garments, outer as 
well as under, get impregnate with sweat, and become very filthy. The best 
generals have cdways been very careful on this point, and have had frequent 
washing paradea As washing clothes is really an art, the soldier should be 
taught to do it, not by machinery, but in the rude fashion he must practise 
during war. Clothes can be partially cleaned by drying and beating. (See 
page 355.) 

The hair should be cut short. In the absence of water for washing, the 
best plan is the small-tooth comb, to keep the hair free f^m vermin, and it 
may be a question whether one should not be supplied to every soldier. 

Washing the whole body in cold water, whenever it can be done, is not only 
bracing and invigorating, but strengthens it against vicissitudes of weather, 
and against dysentery.* 


SECTION II. 

ENTRY ON WAR. 

When actual war commences some further steps become necessary. 

All experience shows that men under twenty or twenty-one years of age 
cannot bw the fatigues of war.t If possible, then, all men below twenty- 
one, or at any rate below twenty, should be held back from the campaign, 
and formed into depots, whence they may be draughted for active service on 
occasion. Of course every means should be taken during their service at 
the depots to strengthen and harden them. 

All weakly men should also be held back, and every man thus retained 
should come under the surgeon’s superintendence, not in hospital, but while 
doing his duty. 

The men who are about to enter on the campaign should at once com- 
mence a more severe training, especially by marches with weights. If there 
be time to do it, this should be carri^ to an extent even greater than will 
be demanded in war, in the manner of the Romans, who trained their sol- 
diers so severely in peace that war was.a relief The rules given in marches 


* Both Donald Monro and Lind notice thia. 

t The examples are numerons. bat the foUowing are often quoted. In 1805 the Frencdi 
army broke up at Boulogne, and marched 400 leases (French) to fight at AuaterUtx ; the 
yoongeet aolmer was twenty -two years old ; they leff scarcely any sick or wounded m rtnUe. 
In ISiw the French marched from the German povinces to Vienna ; not half the lumy were 
aged twmity years ; tlie hospitals were filled witn sick. In 1813 and 1814 the deimtdies of 
Naimleon are filled wHh complaints of the ** boys," who were sent him, and who died in multi- 
tudes by the road side and in the hospitals. 
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about sore feet, and the means of preventing those and other evils should be 
attended to (see page 346, et seq.) at this time. 

Certain clmnges in the food of the men should be made. 

The exertions of war, bodily and mental, are often very great, and demand 
an increased quantity of food, especially in the nitrogenous and fatty ele> 
meats ; an increased amount of meat and bread, with the addition of fat 
bacon, cheese, and peas or beans, should be given, so as to bring the (hdly 
amount of nitrogen to 400 grains, and of carbon to 5000 or 6000 grains 
daily, or, in other words, 6 ounces of albuminates ( = 400 grains of nitrogen 
and about 1400 grains of carbon), 3 ounces of fats (*= 1137 grains of carbon, 
and about 14 ounces of carbo-hydrates ( = 2702 grains of carbon). The salts 
also must be increased, and it would be well to do this by adding chloride of 
potassium, phosphate of soda, and perhaps a little citrate of iron to the 
culinary salt. During the war, make every effort to get bread and flour sup- 
plied in lieu of biscuit (see pages 187-189), and to supply red wine (p. 227). 

As one of the perils of war is the occurrence of scurvy, the supply of 
fipesh vegetables should be increased; if these at all fail during the cam- 
paign, the preserved vegetables must be issued, and the other precautions 
taken (see pages 445-^47). Considering the benefit apparently derived in 
Captain Cook’s voyages from wort made from malt, it might be worth while 
to try the effect of introducing this as a beverage ; it can be readily made. 

Donald Monro mentions that at Bremen, in 1762, when no vegetables 
could be got, and fresh meat was dear, and scurvy broke out, infusion 
of horse-radish was found to be usefuL Spruce beer was also used. The 
concentrated foods should also be largely stored, so that the troops can be 
supplied on excursions or in emeigencies, and the men should be taught how 
to cook them, and especially in the case of the compressed vegetables. 


SECTION III. 

ACTUAL WAR.* 

Experience has showed in hundreds of campaigns that there is a large 
amount of sickness. The almost universality of this proves that, with 
every care, the conditions of war are imfavourable to health. The strenuous 


* Sanitary Rules of the Romans during War, 

VemtiuB (De Re Militariy lib. iii. cap. 2) says the Romans took great care that the men 
should be well supplied with good water, good provisions, firewood, sufficient quantity of wine, 
vinegar, and salt. The^ endeavoured to keep tneir annies in good health by due attention — 

1. To Situation ; avoiding marshes and dry uncovered ground in summer ; in having tents ; 
frequently changing camps in summer and autumn, 

2. To tne Water ; for oad water was considered to be very productive of diseases. 

8. To the Seasons ; not exposing men to heat. In winter, taking particular care that the 
men never were in want of firewood or of clothing. 

4. To Food and Medicine ; the officers saw that the men had their regular meals, and were 
well looked after by the commissariat. 

6. To Exercise ; by keeping the troops during the daj-time in constant exercise ; in dry 
weather in the open air ; in time of rain or snow under cover ; for exercise was believed to do 
a great deal more for the preservation of health than the art of physic. . v » 

The Prsefectus-Castrorum (Quartermaster-General), an officer of high rank in the Roman 
army, looked after the sick, and provided everything required by the surgeons. Both uyy and 
Tacitus mention that the commanding offioersLused to visit the sick and wounded soldiers to 
inquire if they were well taken care of. 

llttles ofidue Arac«fc)»«ww.--The only notice, I believe, of the means by which Ale^der the 
Great preserved so wonderfully the health of his small army, is a statement mat he frequently 
changea his encamping grounds (Quintus Ourtius, Hb. v. 82). This great soldier must certainly 
ha^ Dm acquainted with the art of Hygiene. 

2 F 
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exertbiia, tlie broken rest, the exposure to eold and wet, the scantyi ill- 
cooked, or unwholesome food, the bad water, and the foul and overerowded 
oan^ and tents, account for the amount of disease. 

The amount of illnesB Taries with the nature of the campaign and the 
genius of the commander. 

If records can be trusted, it would seem that the English have been 
more unhealthy than the Erench in their wars, but there is no great trust 
to loe placed in war statistics. In the Peninsula, the mean daily number 
of sick was never below 12 per cent., except for a short time, in the lines 
of Torres Yedias, when it fell to 9 or 10. Sometimes it amounted to 15, 
20, or 25 per cent. In Ihe Crimea, the immense sickness of the first winter 
is but too well remembered. 

Army Medical Regulatimia, 

Before an army takes the field, the Director-General may appoint a medical 
officer to act as Field-Inspector under the principal medical officer, but not to 
act as sanitary officer (p. 69). The Director-General prepares lists of all medi- 
cines, stores, &c. (p. 69). The amount of transport and of stores is laid down 
(pp. 69-77). 

, Before an wmy takes the field, the Director-General, on requirement by the 
Witt Office, gives an account of everything in the proposed scene of operations 
which may affect the health of the men (p. 82). He appoints a sanitary 
officer to be attached to the Quartermaster-General’s department (p. 82). He 
issues instructions to the principal medical officer and sanitary officer on all 
matters connected with rations, clothing, shelter, precautions for preventing 
disease, &c. (p. 82). 

The sanita^ officer inspects all proposed encamping ground, quarters, &c., 
and supervises the sanitaiy arrangements of all camps, towns, hospitals, &c. 
(p. 83). The princi}^! medical officer advises the Commander of the Forces 
on all matters affecting health, such as rations, shelter, clothing, &c., and 
may, with the sanction of the Commander of the Forces, issue instructions on 
such matters to the medical officers (p. 84). 

The sanitaiy officer inspects the camp daily ; accompanies the Quartermaster- 
Gteneral on ihe march, and gives his advise on all sanitary ]x>ints (p. 85). He 
is supplied with information to aid him in his work from all principal medical 
officers of general hospitals, divisions, and brigades in the field (p. 85). He 
transmits a weekly sanitaiy report to the principal medical officer (p, 85). 

Cavsea of Sickness and Mortality in War. 

The chief causes of sickness and mortality in the English army have been, 
in order of ^tality — 

1. Diseases arising from improper and insufficient food, viz., general feeble- 
ness and increased liability to malarious fevers, dysenteiy, bronchitis, &c., 
and actual prod^tion of scurvy and scorbutic dysenteiy. 

2. Malarious disease from u^ealthy sites. 

3. Catarrh^ bronchitis, pleurny, pneumonia, rheumatism, dysenteiy (?), 
produced by inclemencies of weather. 

4. Spott^ typhus, kept up and spread (if not produced) by overcrowding 
and undeanlinees. 

5. Conta^us dysepteiy, arising from foul camps and lairinea 

6. l^phoid and pei^po other mvers, produced by foul camps. 

7. Ey tmiii^i on and debility, prodtic^ by excessive ffitigue— a very great 
predisposing cause of almost idl other diseases. 
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8. Cholera, in India especially, and in Turkey. 

9. Yellow fever in the West Indian cani()aigns. 

10. Plague in IJgypk 

11. The exanthemata occasionally. 

12. Ophthalmia. 

13. Venereal diseases. 

Of these diseases the most fatal have been scorbutic dysentery and typhus. 
It is indeed curious to see how invariably in all wars the scorbutic taint occurs, 
and frequently in how early a period of the campaign it can be detected. 
There almost seems to be something in the frtigues and anxieties of war 
which assists its development. It fr^uently complicates every other disease, 
impresses on them a peculiar character, and renders them very intractable to 
treatment. This is the case with dysentery, typihoid fever, malarious fever, 
and spotted tjrphus. With the last disease, especially, it has intimate relations, 
and contributes apparently to its propagation by rendering the frame more 
easily attacked by the specific poison. 

One of the most important preventive measures to be adopted in war is the 
prophylactic treatment of scurvy. But with a full knowledge of this, the 
disease cannot always be avoided. The Federal Americans were fully aware 
of the necessity of combating it, and have made immense efforts to do so. 
They have not succeeded, and so marked and so general has been the scor- 
butic taint, that its combination with typhoid fever and malaria has been 
looked upon as a new disease. 

If scurvy could be prevented, every other war disease would be compara- 
tively trifling. Inflammations from exposure, exhaustion from fatigue, and 
gastro-intestinal affections from improper food and atmospheric vicissitudes 
would still occur; but the ravages of typhus, typhoid fever, malaria, and 
dysentery would be trifling and easily prevented. 

To prevent scurvy, then, is one of the most important measures. 

If scurvy be absent, typhus fever is readily treated ; isolation and the freest 
ventilation are certain to stop it. The only great danger would be in a 
besieged and crowded fortress. In such a case it may be beyond control, but 
early recognition and prompt isolation, as far as it can be done, and as free 
ventOation as possible, may perhaps stop it. It is in such cases that we 
should freely use the nitrous acid fumes and other disinfectant vapours. 

Typhoid fever and contagious dysentery, in the same way, ought with 
certainty to be prevented in a camp. The first case, even, should make us 
take urgent measures for the cleansing of latrines, or, better still, the closing 
of all the old and the opening of fresh ones. But the best plan of all is to 
shift the encamping ground, and we should remember the old Eoman maxim, 
based doubtless on observation of typhoid fevers, that this must be done more 
often in the autumn. 

The exanthemata, measles, and scarlet fever, sometimes spread largely 
through an army ; the only plan is to separate all cases, and send them one 
day's march on the flank of the army, if it can be done, not in the direction 
of the line of supplies. 

Plague probably demands the same measures as typhus. 

The mewures for cholera have been already sufficiently noted (p. 431). 

The diseases of exposure can be hardly avoided, but may be lessened by 
warm clothes and waterproof outer coverings. Flannel should be used next 
the skin all over the trunk and extremities, and is indispensable. One of the 
most important means to enable troops to stand inclemencies of weather, and 
indeed all ffitigues, is hot food. Coffee and tea are the best, and hot spirits 
and water, though usefril as an occasional measure, are much inferior, if 

2 p 2 ' 
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indeed iksy do any good at all apart from the warmth (see page 234)* But 
the supply of hot food in war should be carefhlly attended to, especially in 
tl^ ease of break&st, after whidb men will undergo without harm great 
excuse and fatigue. 

It is unnecessary to enter at greater length into the measures to prevent 
the diseases of war, for the proper plans have been all enumerated previously. 
We may conclude only that much can be done to prevent disease, but we 
must aLm remember that the course of campaigns sometimes is too violent 
and overpowering for our efforts, and wars, like revolutions, will never be 
made with rose-water. 

Reeapihilatim of the Duties of a Sardtary Officer during War, 

To go forward with the officers of the quartermaster’s department, to choose 
the camping ground ^see pages 261-3) ; arrange for surface drainage ; if 
necessarily in a malarious place, make use of all obstacles, as hUls, trees, &c., 
to throw off the mala^ from the tents ; place the tents with the openings from 
the malarious quarter. If possible, never take low hills (100 to 260 feet) above 
marshy plains. Arrange for the water supply, and for the service of the men, 
animals, and washing (see page 45). As soon as possible, fix the sites for the 
latrines ; have them dug out, and make dry paths to them. As soon as the 
tents are pitched, visit the whole camp, and see that the external ventilation is 
not blocked in anyway, and that the tmts are as far off each other as can be per- 
mitted. Assign their work to the scavengers, and mark out the places of deposit 
for refuse. IHie daily inspection should include all these points, as well as the 
inspection of the food and cooking and of the slaughter-houses. If the (»tmp 
be a large one, a certain portion should be selected every day for the careful 
inspection of the individual tents, but it should be made in no certain order, 
that the men may not prepare specially for the inspection. 

A set of rules should be drawn up for the men, pointing out the necessity 
of ventilation, cleanliness of their persons, tents, and ground around them, and 
ordering the measures which are to be adopted This will have to be promul- 
gated by the general in command 

In the daily work, a certain order and routine should be followed, so that 
nothing shall be overlooked 

The sanitary officer of a large camp can never perform his duties without 
the most unremitting support from ^e regimental medical officers, who are 
the sanitary officers of their regiments. Not only must they inspect their own 
r^[imental camps, but by an immediate report to the sanitary officer of any 
disease which can possibly be traced to some camp impurity, they should 
render it possible for the commencing evil, of whatever kind, to be detected 
and checked 

As early as possible every morning the number of men reported sick from 
each regiment should be made known, and a calculation made of sick to 
strength and then, if any regiment showed any excess of sick, the sanitary 
state of its camp should he specially and thoroughly investigated 

HospUah m Wcurf 

TTith an army in the field hospitals are of several kinds. 


* Sir James M^Grigor, la tbe Peainsiils, established divisioiial lioepitalt in fhmt and oon- 
valeaoent heapitab in tiie rear, where tbe men were received m nmie to tbe depdt Altbou^ 
be dees not de^be bis ayatem fully in bis paner in tbe Medico*Cbirttfgical TranaaeUona 
vt.), it jb evident from bla Antobiograpby that nia constant jnaetioewat to send off the aide aa 
aocmaapondble. Thisiiabown mmUne of the reftrest from Bmgos, wbmi beaaved 
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1. lUgmevdal Ho^pUala . — ^These are purposely kept as small as possible ; 
they are intended merely to receive the men when they axe first reported siok» 
and to treat the slightest cases. But it is most important to keep the regiment 
firee from sick men, and any man who is likely to be ill for several days 
should be sent to the hospitals in rear. 

2. Dwimn Ko&pUaU are small general hospitals under the charge of a 
staff-surgeon and staff-assistant-surgeon. They are intended especi^y for 
emergencies, such as wounded men in action, and should be kept as empty as 
possible for this purpose ; still sometimes they must be us^ for urgent 
medical patients who are too ill, or attacked too suddenly, to be sent to the 
hospital in roar; or, if the hospital in rear is at some distance, they are used 
as receiving houses. Both regimental and division hospitals move with the 
force, and are best made of tents. The tents should be large and thoroughly 
ventilated. The present hospital marquee might be improved (see page 288). 
It is now quite certain tloifii good tents are much better than any buildings 
which can be got. 

3. In rear of the army is the Field General Hospital^ which receives all 
the sick and wounded who can be transported from the front. The exact 
position of this hospital depends on the campaign and country. It is put as 
near to the army as it can be, regard being had to the safety of the men and the 
necessity of supply of hospital stores. The Austrian experience seems to be 
in favour of maki^ it of tents, moving it up with the army. It must be of 
great advantage to have it made of tents ; they have all the advantage of 
separate houses both as to ventilation and separation of patients ; have excellent 
ventilation, if well made ; can be shifted fix)m ground to ground or place to 
place ; erysipelas and hospital gangrene are extremely rare in them (p. 439). 

In the general hospital, classification of patients is of extreme importance, 
and this can be more easily managed by tents or wooden huts than in any 
other way. Surgical cases must be kept separate ; on no account must they 
ever be put with fever cases. This was a Peninsula rule of Sir James 
M^Grigor, and should never be forgotten. The fever cases (if admitted), both 
typhus and typhoid, should be by themselves, and ophthalmia cases mu^ also 
be isolated. There may be more admixture of other diseases. 

4. In rear again of the Field General Hospital, other hospitals intended for 
lingering cases, for half-cured wounds, all cases of severe inflammations which 
can be moved, rheumatism, phthisis, fever cases, &c., and men requiring 
change of air, must be oiganised. These may be at some distance in rear, but 
connected either with a railway or by water carriage. It is of great import- 
ance to keep continually sending patients from the division and general 
hospitals with the army to the hospitals in rear. It is not only to keep the 
hospitals in front empty for emergencies, and to facilitate all movements of 
the army, but it has a great effect on the army itself. A gr^t hospital full of 
sick is a disheartening spectacle, and often damps the spirit of the bravest 
men. The whole army is higher in hope and spirits when the sick are 
removed, as was shown remarkably by the Austrian experience of 1859. The 
sick themselves are greatly benefited by the removal ; the change of scene, 
of air, of ideas^ has itself a marvellous effect, and this is another great reason 
for constantly evacuating the sick from the hospitals in front. 

The men who are reported for hospital in war must be divided into several 
classes : — 

Lord Welliagton from the mortification of abandoning his sick and wounded to the ^emy. In 
this section I have merely enumerated the hospitals, and considered them from a hm^c l^nt 
of view. My colleague, Professor Longmore, in the work on Military Surgery wmch mU be 
shortly published, mU detail at length the means of transport of the. sick and wound^ and 
oUier important matters of the kind. 
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1* St%h%woimdedshotdd be tmted in the i^gimental or division hospital 
and Iheki tethm to duty. 

8. Severely wounded, at first in the division hospitals, then sent to the 
hospital, and then to the rear, as oonvalescence is always long. 

3. Slight colds, diairhcB^ &c., treated in the regimental hospitals. 

4. Severer colds, bronchitis, pleurisy, pneumonia, dysentery, &c., should be 
sent at once to the general hospital, and then to the rear as soon as they can 
move with safety. 

5. I^hus fever at once to the hospitals in rear, if possible, without entering 
the field general hospital. 

6. Typhoid cases, also, should be sent to the rear, and, in fact, all severe 
cases. The field general hospital should be sdways almost empty, and ready 
for emeirg^cies. 

These hospitals in rear may be even two to three days journey off, if con- 
veyance be hy water,, or one or two days if by rail* Sick and wounded men 
bear movement wond^ully well with proper appliances, and are often indeed 
benefited.* 

The proper position for these hospitals, at the base of operations, must be 
fixed by the commander of the forces at the commencement of a campaign, 
M he alone will know what point will be the base of supplies, and it is of 
importance to have these great hospitals near the large stores which are col- 
lected for a campaign. 

It seems now quite clear that these hospitals should not be the oidinaiy 
buildings of the country adapted as hospitals. Such a measure seldom suc- 
ceeds, and the mere adaptation is expensive, though probably always imper- 
fect.t Churches should never be taken, as they are not only cold but often 
damp, and there are often exhalations from vaults. 

The French, Austrian, and American experience is in favour of having the 
hospitals in rear, made of tents or wooden huts. The huts are perhaps the best, 
especially if the winter be cold. They have been veijr largely used by the Federal 
Americans, who have entirely given up converting old buildings into hospitals. 
The best huts which were us^ in the Bussian war of 1854-56 wore those 
erected at Renkioi from Mr Brunei’s design ; each held fifty men in four rows. 
This plan, however, is not so good a one as having only two rows of beds. 
Hammond^ states that in the American war the best size has been found to 
be a ward for fifty men with two rows of beds; length of ward, 175 feet; 
width, 25 feet ; height, 14 feet ; superficial area per man, 87 feet ; cubic space 
per nmn, 1200 feet Ventilation is by the ridge, an opening 10 inches wide, 
running the whole length, and by openings below, which can be more or less 
closed by sliding doors. Some of the American hospitals hold from 2000 to 
2800 be^.| It is probable, however, that smaller wards (for 25 men) would 
be better. 

. An hospital constructod of such huts can be of any size, but there must bo 
several kitchens and laundries if it be very large. If space permit, however, 
it seems desirable to have rather a congeries of smaller hospitals of 500 each, 
separated hy half a mile of distance, than one large hospital. 

* On this and other points of the like kizid, see Keport on Hygiene, in the Army Medical 
Report for 186%^ pp. m aw. 

t Donald Monro aays that, in 1760, the houses in Germany, taken for the rick, were improved 
^ taking away the stoves and patting in open fire places. In the Peninstda, the Duke of 
WeUington appeared to have a dread of fever attacking the army. Luscombe t^ ns that the 
Duke asked the prinripal medical officer every day ae to the appearance of fever. He alao hn- 
prov^^ hoqp»itala^orderiiig open fiio-pfeeea.~i4(scoet^, p. 6. 

I S« R^nt on Hygietie, in the Army Medical Report for 1862, p. 845, €l mq., for a feller 
ofMcnption. 
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The smngement of the hate must be made according to the principles 
already Md down (286). Dr Hammond writes thus of these hospitals 

** It will, perhapi^ not be out of place again to insist on the great advan- 
ta^ of these temporary field hospitals over those located in permanent 
buildings in towns. Nothing is better for the sick and wounded, winter and 
summer, than a tent or a ridge-ventilated hut. The experience gained during 
the present war establishes this point beyond the possibility of a doubt. Cases 
of erysipelas or of hospital gangrene occurring in the old hidings, which were 
at one time unavoidably used as hospitals, but which are now almost dis- 
placed for the ridge-ventilated pavilions, immediately commenced to get well 
as soon as removed to the tents. But in one instance that has come to my 
knowledge has hospital gangrene originated in a wooden pavilion hospital, 
and in no instance, as far as I am aware, in a tent. Hospital gangrene has 
been exceedingly rare in all our hospitals, but two or th^ hundmd cases 
occurring among the many wounded, amounting to over 100,000 of the loyal 
and rebel troops which have been treated in them. Again, wounds heal more 
rapidly in them, for the reason that the full benefit of the fi^h air and the 
light are obtained. Even in fractures the beneficial effects are to be remarked.” 
(“ On Hygiene,” p. 397). 

Baron Larrey in liis useful work* describes the plans adopted by the French 
in the Italian war of 1869. At Constantinople, during the Crimean War, the 
French were apparently very well installed ; the best buildings in Constan- 
tinople were assigned to them, and they were arranged with all the accuracy 
of organisation which distinguishes the French. The results were not, however, 
favouiable, especially in the spring of 1856, when typhus spread through many 
of the hospitals, and caused great mortality, f Taught by this experience in 
1869, the French distributed their sick in small hospitals whenever they could 
find a building, and in this way the extension of the specific diseases was 
entirely stopped. 

To sum up, the hygiene of field hospitals in war (the niles are derived from 
* our own Crimean experience, and that of the wars which have taken place 
since) is as follows ; — The movable field hospitals (regimental, division, and 
general, in rear) to be made of tents ; tlie tents being constructed of good size, 
thoroughly ventilated, the flaps being able to be raised so as almost, if desired, 
to make Uie tent into an awning. 

Hie ground round the tents to bo thoroughly drained, kept very clean, and 
replaced from time to time. The tent floor to be covered with clean, and, if 
possible, dried earth, or charcoal, and to be then covered with a waterproof 
cloth, or boarded, if the camp bo one of position. In either case the greatest 
care must bo taken that the ground does not get soaked and filthy. Every 
now and then (if possible eveiy ten days or so) the tents should be shifted 
a little. 

If it can be done, the sick should bo raised off the ground. Iron bedsteads 
are cumbrous, but small iron pegs stuck in the ^ound might carry a sort of 
col or hammock. The advantage of a plan of this kind is, that by means of 


♦ Notice ear THygiene des Hopitauz Militaires, 1862. . m v 

t Larrey mentions some good instances of the effects of overcrowding. At Rami-TchmUck, 
the hospital was fixed for 900 by the snrgeon in charge, who allowed no more ; it remained 
healthy. His snccessor increased the beds to 1200 and then to 1400. Typhus be^me most 
severe, and spared no one (ni infirmiers, ni soeurs, ni m6d4dns). In the hospit^ at Pera there 
was the same mistake, and the same results, ^'yphus caused fifty per cent, of the deaths. At 
the hosrital of the £^le MUitaire no oiowding was permitted, and typhus caused only ten per 
cent of the deaths. In French ambulances in the Crimea the same foots w^ notiM. 
Double and treble niunbers wme crowded into some, and they were ravaged by typhus ; others 
were not allowed to be crowded and had little typhus. 
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Ixoles ill tile sacking, wounded men can have the close-stool without much more- 
mmit. For fever casesit permits a free movement of air under the patient 

Hie stationary general hospitals in rear should be of tents or wo^en huts, 
but never of convwted buildi]^, or of hospitals used by other nations. Here| 
of course, iron bedsteads, and aU the appurtenances of a regular hospital, are 
brought into play, 

^^enever practicable, the rear hospital should have water-closets and 
sewers. At E^ioi, in Turkey, Mi Brunei supplied square wooden sewers 
about fifteen inches to the side ; they were ta^d inside, and acted most 
admirably, without leakage, for fifteen months, till the end of the war. The 
water-closets (Jenning’s sim^e syphon), arranged with a small water-box 
below the cistern to economise water, never got out of order, and, in fact, the 
drainage of the hospital was literally perfect. I have little doubt such well- 
tarred wooden sewers would last two or three years. 

There is one diteger about wooden hospitals, viz., that of fire. The huts 
should, therefore, on this ground alone, be widely separated ; each hut should 
have, about ten feet from it, an iron box for refuse. Wooden boxes do not 
answer, as in the winter live cinders get thrown in, and there is danger of 
fire. These boxes should be emptied every morning by the scavengers. 
Water must be laid into every ward. 

The arrangement of the buildings is a simple matter, but must partly be 
determined by the ground. Long open lines are the b^t. An hospital of 
this kind, completely prepared in England, can be put up at a very rapid rate, 
supposing there be no great amount of earth-work, and that the supply of 
water and of outlet for sewage be convenient. So that, if commenced at once 
at the begimiing of a campaign, accommodation would soon be provided. 

If tents be used for the hospital in rear, they should be much larger than 
those of the movable hospitals. 


Laundry Establishment 

This part of an hospital must be organised as early, and as perfectly, as pos- 
sible. The different parts must be sent out from England, viz., boiler, drying- 
closet, washing-machines, and wringing-machines. The washing in war can 
never be properly done by the people among whom the war is carried on. 
Every appliance to save labour must be used, and after calculating what 
amount of laundry work has to be done for a presumed number of sick, just 
twice the amount of apparatus should be sent out, partly to insure agmnst 
breakage, partly to meet moments of great pressure. The diying closet, espe- 
cidly, is a most important part of the laundry.^ 


Amount of Hospital Accomrnodation, 

This must not be less than for 25 per cent, of the force, with reserve t^ts 
in rear in case of need. 

Cemeteries in war must be as frr removed as possible ; the graves dug deep, 
and peat charcoal thrown in if it can be procured, lime is generally us^ 


* A very good laundry was oiganised for Renkioi hospital during the Crimean War, but 

although calewted on a uberal Mme, it could hardly keep paoe with the work at times. Mr 
Hooper, the superintendent, at the end of the war, oevised a movable laundry, carrying teller, 
dryi^-closet, and washing-machine. The idea was that this should accompany the trocms on 
a march. A small waggon would wash for a huge body of men or for an hospftal. A pm cl 
this kind wotdd be very nsefnl for moving iirid hospitals. (See * ** Beport on Benkioi Hospital," 
by the Author, 1$S6.) 
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instead, but is not quite so good. If charcoal cannot be got, lime must be used. 
If the army is waning oq the searcoast, buried in the sea is the safest plan. 

Flying Hospitals, 

For moving columns and excursions, flying hospitals are organised. Medi- 
cal comforts, concentrated foods, wine, brandy, dressing instruments, bedding, 
&c., and perhaps tents, are carried in light carts or oh mules or camels. If 
it can be done, an old recommendation of Donald Monro seems useful, viz., 
that a baker with flour should accompany, and even a butcher with live stock, 
but since the use of concentrated foods, the last is perhaps less needed. 


Sanitary Duties connected with a War Hospital, 

In addition to the usual sanitary duties of an hospital, there are one or two 
points which require particular attention in the field. 

The first of these is the possible conveyance of disease by the exceedingly 
dirty clothes, which may perhaps have been worn for weeks even, without re- 
moval, in the hard times of war. Typhus, especially, can be carried in this 
way. 

To provide for this every hospital should have a tent or building for the 
reception of the clothes \ here they should be sorted, freely exposed to air, 
and the dirty flannels or other filthy clothes picked out. Some of these are 
so bad that they should at once be burnt, and the principal medical officer, at 
the beginning of a campaign, should have authority given him to do this, and 
to replace the articles from the public store. 

The articles which are not so bad should be cleansed. The cleansing is 
best done in the following way ; — If the hospital have a laundry and drying- 
closet, they should be put first in the drying-closet for an hour, and the heat 
carried as high as possible, above, if it can be, 240^ Fahr. Then they should 
be transferred into the fumigation box ; this is simply a tin-lined box or large 
chest. The clothes are put in this, and sulphur placed above them is set on 
fire, care being taken not to burn the clothes ; or nitrous acid should be used. 
After an hour’s detention in the fumigating box they should be removed to 
the soaking tuba These are large tubs with pure water, put in a shed or tent 
outsidj) the laundry. A little chloride of lime can be added to the water. 
They should soak here for 24 hours, and then go into the laundry and be 
washed as usual. 

This plan, and especially the heating and fumigation, will also kill lice, 
which often swarm in such numbers. Another point of importance is to 
bathe the men as soon as possible. The baths of a war hospital at the base of 
operations should be on a large scale, and the means for getting hot water 
equally large. The men’s heads, if lousy, should be washed vrith a little weak 
cofrboUc acid, which kills the lice at once. The smell is not agreeable, but 
that is of no real consequence. 

In a war hospital, also, the use of charcoal in the wards, charcoal dressings, 
the employment of disinfectants of all kinds, is more necessary than in a 
common hospital. 

As a matter of diet, there should be a large use in the diet of antiscorbutic 
food, vegetables, &c., and antiscorbutic drinks should be in every ward, to 
be taken ad libitum — citric acid and sugar, cream of tartar, &c. The bi^d 
must be very good, and of the finest flour, for the dysenteric cases. 
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Hie sanitaiy duties duxiug sieges are often difficult. Water is often scarce ; 
dispel of sewage not easy, and tlie usual modes of disposal of the dead oan> 
not, perhaps, be made use of. ^or precautions about water, see page 45.) If 
sewage is not washed away, and if there is no convenient plan of removing it 
by h^d, it must be burnt. Mixing it with gunpowder may be adopted if 
there is no straw or other combustible material to put with it. 

If food threaten to run short, the medical officer should remember how 
easily Dr Morgan’s process of salting meat can be applied (see page 215), and 
in this way cattle or horses which are killed for want of forage, or are shot in 
action, can be preserved. For sieges, as vegetables are sure to fall short, a very 
ample supply of lepion-juice, and of citric acid, citrates, and cream of tartar, 
should be laid in^ and distributed largely. 

One other point should be brought to the notice of the General in Com> 
mand. In times of pressure, every man who can be discharged from the 
hospital is sent to the front. This cannot always be avoided. But when 
there is less pressure, the men should go ftom the rear hospitals to a depdt, 
and while there should still be considered under medical treatment, so that 
they may not too soon be subjected to the hardships of war. They should, 
in fact, be subjected again to a sort of training, as if they were just entering 
on the war. If this is not done, a number of sickly or half-cu^ men get 
into tile ranks, who may break down in a moment of emergency, and cause 
great difficulty to the General in Command. Some officers think that a man 
should either be in hospital or at his full duty ; this seems to mo a misappre- 
hension both of the facts and of the best way of meeting them. To transfer 
a man just cured, from the comforts of an hospital at once to the front, is to 
run great danger. A depot, which should be a sort of convalescent hospital, 
though not under that term, is the proper place to thoroughly strengthen the 
man just recovered, for the arduous work Wore him. 
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prevention of, . . . 487 

produced by water, . . 64 

Typhus exanthematicus, prevention of, 436 
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causes of mortality in, . . 594 
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bottle carriage of, . . . 878 

^ condition of, registration of, . 86 

consequences of insufficient 

supply 46 

closets, 810 

danger in drinking turbid, . 44 

deprivation of, effects of, . 46 
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distribution of, . . .40 
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examination of, . . . 19 
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impure supply, consequences of, 47 
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physical examination of, . 19 
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sanitary precautions, . .18 
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Third Edition, HoTieed and Enloiged. 870. cloth, 5 t, 

DR. GORDON, M.D., O.B. 
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THE PRINCIPLES AND PRACTICE OF PHYSIC. Seventh Edition, oonaidar- 
ably enlarged, and rewritten. Foolscap 870. doth, 12 s. 6<f. 


GUTS HOSPITAL REPORTS. Third Series. 

7 .. W. each. 

OR. HABCR8HON, <r.R.aP. 


Vols. I. to X| 8yo.p 


PATHOLOGICAL AND PRACTICAL OBSERVATIONS ON 
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cipal Regions of the Human Body. 

The Second Edition, imperial folio, cloth, £8. 12s.; half-morocco, £4. 4s. 

ON DISLOCATIONS AND FRACTURES. This Work is Uniform 

with the Author's ** Surgical Anatomy;" each Fasciculus contains Four beautifully 
ezeouted Lithographic Drawings. Imperial folio, doth, £2. 10s.; half-morocco, £2. 17s. 


OR. MONiCOLL, M.R.C.P. 

A HAND-BOOK FOR SOUTHPORT, MEDICAL & GENERAL; 

with Copious Notices of the Natural History of the District Second Edition. Post 8vo. 
doth, 8c. 6ri. 

OR. MARCET, F.RS* 

ON THE COMPOSITION OF*’ FOOD, AND HOW IT IS 

ADULTERATED ; with Practical Directions for its Analysis. 8vo. doth, 6s. 6d. 

T ON CHRONIC ALCOHOLIC INTOXICATION; with ui inquery 

i lNTO THE INFLUENCE OF THE ABUSE OF ALCOHOL AS A PRE- 
DISPOSING CAUSE OF DI SEASE . SMond Edition, innoh onhnsod. Fookom 
8T0.drth,4L«!l. 
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. OR. MARKHAM. 

OF m mm: mm pathology, dug- 

K 0 S 18 , AND TaSATMEMT. Stcond Editkm. Port 8 t«. 61. 

SKODA ON AUSCULTATION ‘’and PEBCUSSION. P«t 8m 

d»di,8i. 

•IR RANAUD MARTIN, tCOO, P.R«. 

INFLUENCE OF TROPICAL CLIMATES IN PRODUCING 

THE ACUTE ENDEMIC DISEASES OF EUHOPEANS; indndMg Fnc&M 
ObMmtioni on their Chronic SequeUe under the Inflaeneet of the Climate of Europe. 
Seeoiid Edition, mneh enhiged. B^a cloth, 20t. 


DR. MASSY. 

ON THE EXAMINATION OF RECRUITS; intended for the Use of 

Yoiiitg Medical Officen on Entering the Anny. 8?o. do^, 5f. 


MR. O, F. MAUNDER, F.R.O.S. 

OPERATIVE SURGEBTs Witli 15S EDgravmgs. Post 870 . 6 #. 

DR. B#AYNE. 

AN EXPOSITORY LEXICON "^OF THE TERMS, ANCIENT 

AND MODERN, IN MEDICAL AND GENERAL SCIENCE, inclndiD. » com- 
jdete MEDICAL AND MEDICO-LEGAL VOCABULARY. CompleM in 10 Putt, 
price 6b Mch. The cntin woric, dotli, £2. lOn 

n. 

A MEDICAL TOCABULARY; or, an Explanation of all Names, 

Synonjii^ Tenns, and Phrases need in Medidne and the rdstive bmnches of Medical 
Sdenoe, intended specially at a Book of Reference for the Yonng Student 
Editioiu Fcap. 8m doth, 8c. Sd. 


DR. MERYON, M.O., F.R.O.P. 

PATHOLOGICAL AND PRACTICAL RESEARCHES ON THE 

VARIOUS FORMS OF PARALYSIR^a cloth, On 
OR. MILUNOEN. 

ON THE TREATMENT AND MANAGEMENT OF THE IN- 

SANE; with Considecations on Public and Private Lunatic Asylums. 18mo.doth, 

4S» Set rnmrnmimxiMmmmm 

OR. W. J. MOORE, M.O. 

HEALTH IN THE TROPICS; or, Sanitaiy Art applied to Eimipeiiis 

in India. 8mdpth,8c. 

A MANUAL OF THE DISEASES OF INDIA. 

PROraSSOR MULDER, UTMQHT. 

THE GHEMIHIRY OF WINH Edited bjr H, Bnrex JosnuL y .p,. 


OR. aimcBSOK nevins. 

THE PtESdOBER’S ANALYSIS OF THE MOTISH PHAE- 

lUMiOPRlA SceiMd Ditto, Mhuipd to 364 pp. 62aM. clotih, 81. 64 , 
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DU. NOBLE. 

THE HUMAN MIND IN ITS RELATIONS WITH THE 

BBAIN AND NERVOUS SYSTEM. Pott Sto. doth, 4*. 6ii. 


MR. NUNNBLBY, PJtA.8.B. 
L 


ON THE ORGANS OF VISION r theih anatomy and phy- 

BIOLOGY. With Plates, 8vo. doth, 15i. 

A TREATISE ON THE NATURE, CAUSES, AND TREATMENT 

OF ERYSIPELAS. Sro. clodi, lOt. 6A 

DR. O'REILLY. 


THE PLACENTA, THE OR0ANIC NERVOUS SYSTEM, 

THE BLOOD, THE OXYGEN, AND THE ANIMAL NERVOUS SYSTEM, 
PHYSIOLOGICALLY EXAMI NED. With Engravings. 8Yo.doth,5*. 

MR. LANQ8TON PARKER. 

THE MODERN TREATMMT OF SYPHILITIC DISEASES, 

both Primaiy and Secondary; comprising the Treatment of Constitutional and Confirmed 
Syphilis, by a sale and successful Method. Fourth Edition, 8vo. cloth, 10s. 

OR. PARKfES, F.R.aP. 

* A MANUAL OF PRACTICAL'' HYGIENE; intended especially for 

the Medical Officers of the Army. With Plates and Woodcuts. 8vo. cloth, I6a 

THE URINE: its composition in health and disease, 

AND UNDER THE ACTION OF REMEDIES. Sm cloth. 12t. 


OR. PARKIN, M.D., P.R.03. 

THE CAUSATION AND PREVENTION OF DISEASE; with 

the Laws regulating the Extrication of Malaria from the Surface, and its Diffusion in the 
sunoonding Air. 8to. cloth, 6s. 

MR. JAMES PART, F.R.O.8. 

THE MEDICAL AND SURGICAL POCKET CASE BOOK. 

for the Registration of important Cases in Private Practice, and to assist the Student of 
Hospital i^mctice. Second Edition. 2s. 6J. 


OR. PAVY, M.O, F.R.8, F.R.O.P. 

DIABETES : RESEARCHES ON ITS NATURE AND TREAT- 

MENT. 8TO.cloth,8<.6i(. 

OR. THOMAS B. PEAOOOK, M.D. 

ON THE INFLUENZA, OR EPIDEMIC CATARRHAL FEVER 

OF 1847*8. 8vo. cloth, 5f. 

OR. PEET, M.O, P.R.O.P. ’ 

THE PRINCIPLES AND PRACTICE OF MEDICINE; 

Designed chiefly fiir Students of Indum HediiSsl Coliises. flvo. doth, Ifli. 


OR. P8REtRA, F.R.8. 

SELECTA £ PR.£SGBlPTlSf Fourteenth Edition. 24mo. doth, 6«, 


OR. PIOKFORO. 

HYGIENE; or, Health as Depending upon the Conditions of ^ Atmo* 

sphere, Food and Drinks, Mo^on and Rett, Sleep and Wakefislness, Secretions, 
ti^ and Retentions, M^tal Kmotions, Clothing, Bathing, Ac. VoL I. 8 vo. cloths lit. 
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MR. PHUtlB, RJUBX. 

ififi msm^m m practice op sorgert. wa 

wmetm Bngtavingi on Wood. Second Edition. 8fo. ^th| 24 f« 

PHARiacopcEiA coLLEGii Salk medicorum im- 

BIKEN8I8. Sfo. dotli» 81.; or 24 mo. 5 «. 

Ixpnnufinu 

HkliboEi oBi titoliii, Pbabkiookua Go&lioxx Rioixjs MiDiooRim Lovnxmuraxi. 
Detmn ex JEdiSme CoUeffii in ecNniitiia oensoriii, NoTombrii Meniii 14 ^ 1858 . 

^ JojuitHieATBTO]iP4aaa. Frmm, 

I - 

PROFB 88 OR 8 PUkTTNER U MU8PRATT. 

THE USE OP THE BLOWPIPE IN THE EXAMINATION OP 

MINERALS, ORES, AND OTHER METALLIC COMBINATIONR lUiutnted 
Igr nuMMU Bi^ni^ oo WmA. ThM Edition. 8vo. doth, lOi. 8d. 

OR HENRY P. A. PRATT. M.D., M.RaP. 

T HE GENEAIX)GY OP CREATION, newlj Translated firom the 

Unpunted Hdmv Tart of the Book of Ooieus, (bowing tha Genanl Sdentifio Aceuiaoy 
ti ua Coonogony of Moaea and tha Philosophy of Creation. 8to. doth, 14 t. 

ON ECCENTRIC AND CENTRIC PORCE; a New Thewj of 

Projeodon. With EogniTuigg. 870. dothp Kk 

HI. 

I ON ORBITAL MOTION: The Ondines of a STBtem of PhT^cal 

AetmoiDj. With Dugnuna. 8va doth^ 7 c. 8dL 

THE PBESGBIBER^S PHARMA COPOEIA ; containing all the Medi** 

einee in the Britiih Pharmecopceiap arranged in Clafset acooxding to their Action^ with 
their CompocitioD and Doaei. By a Piactifing Phyaician. Fifth Bditioii. 32 mo. 
dol^ 2c. 6 d.i roan tack (for the pocket), 8c« 6d. 

OR. JOHN R0WU80N PRETTY. 

AIDS DIJBING LABOUR, indadingthe AdininistmionofGhlonifonni 

the Afaaageiiient of Placenta and Poat^partnm Hsmorrhage. Fcap. 8to. doth, 4c. 6 d. 
MR. LAKE PRIOE. 

PHOTOGRAPHIC MANIPULATION: Tnating of the Fhuttice of 

the Art, and ita Tariima appliancea to Natore. With Fifl^ Eoffrayinffa on Wood. Poat 

8 fn.doth,ei.8d. 

MR. P. O. PRIOE, P.R.O.8.E. 

SCR0FUL0U8DKEASES OP THE EXTERNAL LYMPHATIC 

OXsAKDS: their Nature, Variety f and Treatment ; with Remarka on the Mant^emeni 
of Scmfohma Ukeratkiia, Bean, and Ckatiicea. Poet Sve. doth, 8c. 8d. 

THE WINTER CLIMATE OP MENTON, with hints to 

INVALIDS INTENDING TO BESIDE THERE. 8m doth, 1. 

OR. PR«8TtBY. 

' LECTURES m THE BEPELOPMENT OP THE GRAYIB 

i VfSXa*. 8mdMl,8f.«A 
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DR. RAODUI*PC, 

LECTUBES ON EPILEPSY, PAIN, PAEALY8I8, AND 

CERTAIN OTHER DISORDERS OF THE NERVOUS SYSTEM, ddiveted at 
ih» Royal College of Phyaciaiui in London. Poat 8yo. clotli, 7«. 6d» 


ON THE MODE OP POMATION*" OF SHELLS OF ANIMALS, 

OF BONE, AND OF SEVERAL OTHER STRUCTURES, \iy a Prooew of 
Molecolar Coaleicence, Demonitnble In certain Artificially-formed Products. Fcap. 8to. 
clothy 4a. , 

DR. P. H. RAM8BOTHAM. 

THE PRINCIPLES AND PRACTICE OF OBSTETRIC MEDI- 

CINE AND SURGERY. Illustrated with One Hundred and Twenty Plates on Steel 
and Wood; forming one thick handsome Tolume. Fourth Edition. 8yo. doth, 22s. 


OR. RAM8BOTHAM. 

PRACTICAL OBSERVATIONS ON MIDWIFERY, wUh a Selection 

of Cases. Second Edition. 8vo. cloth, 12«. 

PR0FE880R REDWOOD, PH.O. 

A SUPPLEMENT TO THE PHARMACOP(EU : a oonciae bnt 

comprehensive Dispensatory, and Manual of Facts and Formulm, for the use of Practi- 
tioners in Medicine and Phannacy. Third Edition. 8vo. doth, 22s. 


OR. OU BOI8 REYMOND. 

ANIMAL ELECTRICITY ; Edited by H. Bence Jones, M.D., F.B.S. 

With Fifty Engravings on Wood. Foolscap 8vo. doth, 6s. 


DR. REYN0L08, M.D.LONO. 

EPILEPSY; ITS SYMPTOMS, TREATMENT, AND REUTION 

TO OTHER CHRONIC CONVULSIVE DISEASES. 8.o. doth, lOi. 

THE DIAGNOSIS OF DISEASES OF THE BRAIN, SPINAL 

CORD, AND THEIR APPENDAGES. Hvo. doth, 8t. 


OR. B. W. RIGHARD80N. 

ON THE CAUSE OF THE COAGULATION OF THE BLOOD. 

Bdag the AarLiT Coopih Paizs Essay for 1856. With a Practical Appendix. 
8yo, doth, 16(. n. 

THE HYGIENIC TREATMENT OF PULMONARY CONSUMP- 

TICK. 8vo. doth, 5s. fid. m. 

THE ASCLEPIAD. Vol. L, CUnlcal Essajs. 8to. dotb, 6<. 6(f. 


MR. WILUAM ROBERTS. 

AN ESSAY ON WASTING PALSY; being a Systematic Treatise on 

the IMmsm hitherto deecribed a. ATROPHIE MUSCULAIRE PROGRESSIVE. 
Wilk Font Plate.. 8ro. doth, 7 a Sd, 

oa.ROUTH. 

INFANT FEEDING, AND ITS INFLUENCE ON LIFE; 

Or, the Caoaae and Prevention of Infitnt Mortality. Second Edition. Fcap. 8vo. doth, 6$. 


umBM. oEmmoh « bonb* puiuoatiohs. 


M. w. M. ROMtimKm. 

THE MIME m mmm of qojjz 

A HEATISE ON A AND BEOIMEN. 

Foudi Sdition. 9 Tok poil Snk dotli, lit, 

OR. ROWS. 

NEETOUS DISEASES, LIVEE AND STOMACH COM- 

PLAINTS, LOW SPIRITS, INDIGESTION, GOUT, ASTHMA, AND DIS- 
ORDERS PRODUCED BY TROPICAL CLIMATES. Cmh. ESxtmth 
Wtioa. Fa*. it. 64, 

DR. 'f(OVLB, PM, AND DR. HBADIANO, MA. 

A MANUAL OF MATERU MEDICA AND THERAPEUTICS. 

Witii mmicnnia Engwfiiigt m Wood. Fourth Edition. Feap. 8vo. doth, 12t. (kl. 
MR RUMSEY, P.R0.8. 

ESSAYS ON STATE M EDICINE. Svo. doth, lo.. 6d: 

OR RYAN, M.D. 

INFANTICIDE: its law, prevalence, prevention, and 

HISTORY. SVQ. doth, U 

8T. BARTHOLOMEWS H08PITAL. 

A DESCRIPTIVE CATALOGUE OF THE ANATOMICAL 

MUSEUM. ToL L (184«), VoL II. (18S1), VoL III. (1662), 8to. doth. St. «cL 
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OR. 8ALTER, FJIS. 

ON ASTHMA: its PaAologr, Canses, Consequences, and Treatment 

8fQ> doth, lOi. 

DR 8AVAQE, M.DX.ONO., F.R.04I. 

THE SURGERY OF THE FEMALE PELTIC ORGANS, in 

• Seiief of Pktes tahon from Nature, with Phyiidogicd and Pathologiod Refehnoei. 
B<7d4to,doth,2(te. 

V ^Hioae Pktm dvo 40 Ilhiitiationi taken from origind DiiaectioDS, and an diawn 
and odound in the hipest degree of art 

MR. SAVORY. 

A COMPENDIUM OF DOMESTIC MEDICINE, AND COMPA- 

NION TO THE MEDICINE CHEST ; ii>t»d.d m > Smum «f Buy Refowne. ibr 
CtoraMn, and for Famfliea ndding at a Distanoe from Pnfeieicn^ Aaiiatajioo. 

SiairBditkm. tSmo. doth, Sa. 

OR 80HA0HT. 

THE MICROSCOPE, AND ITS APPLICATION TO VEGETABLE 

ANATOMY AND PHTSIOLOOT. Edited by FuDuicsCoBsifr, MX Fhn 

8m. deft, tk 

DR. SOORCaaV-JAOKSON, MJB, t>MM. 

MEDIOAL CLQf ATOIDGY ; or, » Topographkal tnd Moteocdof^ 

Dmriiytinf the Loofitiei merted to is Winter end Smuner to Innlidt ttmbm 
ibedhatHeMindAbniA Within leottataeKAsi. rat 8m deth^ 19i. 

ON COUGH r ei CteiM*, Vniedofib TtwaoeiiL Widi aeoM pracdeal 

Re n adr ie»«he Uiee<«to8le lhe e e i|p e ni«tnidtel%nedi. Pact8mdetk4i, «. 
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DM. 8KVMOUM. 

ILLUSTRATIONS OF SOME^'OE THE PRINCIPAL DIS- 

EASES OF THE OVABIA: ibeir Symptoms and Tieatments to wbicli am prefixed 
ObseryatioDs on the Stmeture and Functioiis o£ those parts in the Human Being and in 
Animals* With U fidio plates» 12f. 

THE NATURE AND TREATMENT OF DROPSY; considered 

especially in reference to the Diseases of the Internal Organs of the Body^ which most 
commonly produce it 8to. 5i. 

DR. 8HAPTER, M.D., FR.C.P. 

THE CLIMATE OF THE SOUTH OF DEVON, AND ITS 

INFLUENCE UPON HEALTH. Second Edition, with Mspi. 8vo. cloth, IQi. 6d. 


MR. SHAW, M.R.03. 

THE MEDICAL REMEMBRANCER 5 OR, BOOK OF EMER- 

OENCIES : in which are concisely pointed out the Immediate Remedies to be adopted 
in the First Moments of Danger fir^ Drowning, Poisoning, Apoplexy, Bums, and other 
Accidents; with the Tests for the Principal Poisons, and other useful Information. 
Fourth Edition. Edited, with Additions, by Jonatban Hutchinson, F.R.C.S. 82mo. 
cloth, 2s. 6rf. ******^*^****^ 

OR. SHEA, M.O., BA. 

A MANUAL OF ANIMAL PHYSIOLOGY, with an Appendix of 

Questions for the B.A. London and other Examinations. With Engravings. Foolscap 
8va doth, 5s. fid. 

DR. 8IB80N, F.R.8. 

MEDICAL ANATOMY, With colonred Plates. Imperial folio. Fasci- 

cttli I. to VI. 5s. each. 

DR. E. H. StEVEKINQ. 

ON EPILEPSY AND EPILEPTIFORM SEIZURES: their 

Causes, Pathology, and Treatment Second Edition. Post 8vo. cloth, 10s. fid. 


i 


. MR. SINCLAIR AND DR. JOHNSTON. 

PRACTICAL MIDWIFERY : Gompriung aa Account of 13,748 Deli- 

Tories, which oocurxpd in the Dublin Lying-in Hospital, during a period of ^ven Years. 
8vo. doth, 15s, ..ww.....,..,-..,., 

DR. 8IORDET, M.B.LOND., M.R.C.P. 

MENTONE IN ITS MEDICAL ASPECT. Foolscap Svo. doth, 2 .. 6 (i 


MR. ALFRED SMEE, F.R.S. 

GENERAL DEBILITY AND DEFECTIVE NUTRITION; their 

Causes, Consequences, and Treatment Second Edition. Fcap. 8yo. doth, 8s. ^ 


OBSTETRIC PLATES : bdng a Selection from the more Important and 

PiaotMal lUnftntioiu eentuned in u. Original Work. With Anatomical and Praetieal 
Dbaetiona. Sro. doth, 5*. 

MR. HENRY SMITH, F.aOA 

ON STRICTURE OF THE URETHRA Svo. doth, 7*. u 
ESMORRHOIDS AND PROLAPSUS OF THE RECTUM; 

Thdt Pathdqgjr and Ikaatment, with o^eeial rotomic. to th. nw of Nitrio Add. niitd 
Bditiea. Fai^8To.doth,8i. 
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DR. J, smith. M.O., R.R.0.8.B0IN. 

EAmmiS. OF DENTAL ANATOMY AND SDBOERY, FOB 

THE USE OF STUDENTS AND FBACTITIONER& Va^. 8 n. doO, 81 ; 94. 

OR. w. tvi.br smith. 

A MANUAL OF OBSTETRIC^ THEORETICAL AND PRAC- 

TICAL. lUniUted widi 18| Eagmvingi. Fm^ 8 fo. doth. 18*. 94, 

THE PATHOLOGY AND TREATMENT OF LEUCORRH(EA. 

With EngniTiiiga on Wood. 8 to. doth, 7t^ 

DR. SNOW. 

ON CHLOROFORM AND OTHER ANAESTHETICS: their 

ACTION AND ADMINISTRATION. Edited, witb • Memdr of tlio Author, by 
IkttijMniii W. Bkhardfon, M.D. 8fo. cloth, 10c. 6d* 

OR. STANHOPE TEMPLEMAN SPEER. 

PATHOLOGICAL CHEMISTRY. IN ITS APPLICATION TO 

THE PRACTICE OF MEDICINE. Tmulated from the French of MM. Rwroiui. 
and Romu. Sro. doth, ledneed to 8i. 

MR. PBTER SSUIRB. 

A COMPANION TO THE ^’BRITISH PHARMACOPm. I 

8eo^ Edition. Byo, doth, 8t. 6d. 

THE PHARMACOPaSIAS OF THIRTEEN OF THE LONDON 

HOSPITALS, ainiiged in Qionpt for may Reference and Companion. iSmo. doth, 

DR. STEQOALL. 

8Tin>£HT8’ BOOKS FOB BJAlONATIOir. 

i MEDICAL MAKUAL FOB AFOTHECABIES’ HALL AM) OTHER MEDICAL 

BOARDS. Twelfth Edition. I2nw. doth, lOt. 

A MANUAL FOB THE COLLEGE OF SURGEONS; intended for the Use 

.f O n d i detee f" miH l»iiM!titi<in«m. Second Edition. 12nio. doth, lOi. 

m. 

OBBQOBI’S COBPECTUS MEDICINiE IHEORETICiE. The First Part, con- 

the OtipBal Text, with an Ordo Verborom, and Literal TnuulatiQne 12mo. 
do&, Kk iv« 

IfiB I1B8I POUE BOOKS OF CELSUS; containing the Text, Ordo Verb- 
winn,and TiindalieB. Seeond Editioii. 12mo. doth, 8f. 

FIB8T LINES FOB CHEMISTS AND* DRUGGISTS PREPARING FOR Ex- 
amination AT THE PHARMACEUTICAL SOCIETY. Seeond Edition. 

ISlaUle 8 ii' 8 df* 

MR. STOWS, M.RO.S. 

A TOXIOOLOGICAL CHART, exhibiting ■t one view the Symptmna, 
l llw | MW^nnd |iBi»«fD> tedi n g theTnifaBPoiioiie,Mtoeinl,VegBtd>le,Md AnianL 
Yb ifttiften idftHl. oHHiMDimotiaM^to th. TnHnNnt of Sanmlod AaSaitSen. 
T«aijl&HMian.iefM. OaShso^SMi * " " 


HESSES. CaXTBOSILL * SONS* FTTBEIOATIONS. ^ 


MR. ntANOIS SUTTON, PjOJB. 

A SYSTEMATIC HAlfDBOOK OF TOLUMETRIC' ANALYSIS; 

or, the Quantitative Bithnation of Chemical Subatancei by Meaaure* With Engravinga. 
Poet 8vo. clothi 7a 6d, 


DR. aWAYNE. 

0B8TETEIC APHOEISMS FOB THE USE OF STUDENTS 

COMMENCING MIDWIFERY PRACTICE. With EngraTUig. on Wood. Third 
Edition. Fcnp^STo. doth, Sr. Sd. 


MR . TAMPUN, PJt0.8£. 

LATERAL CURT ATURE OF THE SPINE : its Canses, Nature, and 

Treatment. 8vo. cloth, 4<. 

DR. ALEXANDER TAYLOR, F.R.8.E. 

THE CLIMATE OE PATJ ; with a Description of the Watering Places 

of the Pyrenees, and of the Virtuee of their respective Mineral Sources in Disea^ Third 
Edition. Post 8vo. doth, 7s. 

DR. ALFRED 8. TAYLOR, F.R.8. 

I. 

A MANUAL OF MEDICAL JURISPRUDENCE Seyeath Edition. 

Fcap. 8vo, doth, 12s. 6d. 

ON POISONS, in relation to MEDICAL JUBISPRUDENCE AND 

MEDICINE. Second Edition. Fcap. 8fo. cloth, 12s. 6d. 

MR. TEALE. 

ON AMPUTATION BY A LONG AND A SHORT RECTAN- 

OULAR FLAP. With Engrayings on Wood. 8to. doth, 5s. 

DR. THEOPHILU8 THOMPSON^ F.R.8. 

CLINICAL LECTURES ON PULMONARY CONSUMPTION; 

with additional Chapters hyE. Stes 8 Tbo]cp 80 N,MJ). With Plates. 8vo.doth,7s,6d. 


DR. THOMAS. 

THE MODERN PRACTICE OF PHYSIC; exhibiting the . 

toms, Causes, Morbid Appearances, and Treatment of the* Diseases of all Climat^. 
l^eventh Edition. Revised by Algbrnok Framptok, M.D. 2 vols. 8vo. doth, 28s. 

MR. HENRY THOMPSON, F.R.C.8. 

STRICTURE OF THE URETHRA} its Pathology and Treatment. 

The Jacksonian Prise Essay for 1852. With Plates. Second Edition. 8vo. doth, lOi. 

THE DISEASES OF THE PROSTATE; their Pathology and Treat- 

ment Comprising a Dissertation On the Healthy and Morbid Anatomy of tiie Proetate 
Oland;^ being the Jacksonian Prise Essay for 1880. With Plates. Second Edition. 
Svo. doth, 18s. 

PRACTICAL UTHOTOMY AND LITHOTRITY; or,A»lnipiry 

into the best Modes vi removing Stone from tim Bladder. With numerouB 
8TO.doth,8s. 
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. ^ OR. THUDIOHUM. 

ON THB PATHOLOGY OF THE HEINE, 

^ IlMMiig * oomj^klo Qiiidt to ito Aiyilytlt. With Piatot, 8m doth, I4i. 

A TREATISE ON 0ALL STONES S tbelr Giemistiyi PaAolotgji 

«id Whlh Cmoimd Pktaa. Sro. doth, lOt. ^ 


^ OR. TIUT. 

ON HTEEINE AND OTAEIAN INFLAMMATION, AND ON 

THE PHTSIOIOOY AND DISEASES OF MENSTRUATION. TUrd Editini. 
8to. doth, 12t. ^ 

A HANDBOOK OF TJTERfNE THERAPEUTICS. Second 

Edition. Post 8fo. doth, 8s. 

XXL 

THE CHANGE OF LIFE IN HEALTH AND DISEASE: . 

PxsctiddTrontiie on the Nonrons and Other Affections inddental to Women at the Decline 
ofl^ Second Edition. Smdoth, 8f. 

OR. QOOWIN TIMM8. 

CONSUMPTION l its True Nature and Sucoessinl Treatment Crown 

8fo. doth, lOa. 

DR. ROBERT B. TODD, PJ%.8. 

' CLINICAL LECTURES ON THE PRACTICE OF MEDICINET 

N0W in on$ Volume^ EdUed by Da. Bbals, Svo. cloik, IBs. 

ON CERTAIN DISEASES OF THE URINARY ORGANS, AND 
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